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Abstract 

This report contains a summary of boiler efficiency measurements which can be 
applied to evaluate the performance of steam-generating boilers via both the direct 
and indirect methods. This methodology was written to assist industries in 
calculating the boiler efficiency for determining the applicability and value of 
thermal industrial heat, as part of the efforts of the Solar Thermal Design 
Assistance Center (STDAC) funded by Sandia National Laboratories. Tables of 
combustion efficiencies are enclosed as functions of stack temperatures and the 
amount of carbon dioxide and carbon monoxide in the gas stream. 
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INTRODUCTION

This methodology was written to assist industry in calculating the boiler efficiency
for determining the applicability and value of thermal industrial heat. This effort is part
of the Solar Thermal Design Assistance Center (STDAC) fmded by the U. S. Department
of Energy. The goal of the STDAC is to increase the transfer of technologies to industries
and provide assistance in the design of solar thermal systems. Many potential solar
applications could provide thermal input to processes that have an existing,
conventionally-fieled boiler. The most frequent application is using a solar system to
displace the fuel used to heat condensate and feedwater. The value of the heat displaced
by the solar system is used to assess the economic performance of the solar system and is
calculated by dividing the cost of the conventional fuel by the boiler efficiency. Because
the revenue and cost of many existing and proposed solar heat systems are tied to the
boiler efficiency, this report was written to provide an accurate guide for calculating boiler
efficiency.

It is estimated that more than 70 x 1015 BTU’s of energy are used in the United
States per year. Of this amount, industry uses approximately 17 percent to generate
process steam. This amount does not include the steam or hot water generated in schools,
hotels, commercial buildings, electric power plants, etc.

This manual is arranged in four basic sections:

1. Initially, an overall description of boilers is provided. This overview contains a
short description of the essential principles involved in determining boiler
efficiency.

2. Tables are provided to relate boiler efficiency as a fimction of stack temperature,
02, C02 and CO for typical grades of fuels, including natural gas, fiel oils, and
coals.

3. An in-depth description outlines a methodology to estimate boiler efficiencies.
Two methods are discussed, and each provides information that allows
estimation of boiler efficiency as a function of combustion efficiency, percent of
load placed on the boiler, and the skin temperature oftheboiler. In addition,
rules of thumb are provided to help estimak ways of improving and estimating
boiler efficiencies.

4. Last, a description is given of boiler efficiency measurement instrumentation,
including a method to determine calibration, accuracy, and data reduction
methods.

All methodologies discussed in this text are intended to be applied in a thorough
analysis of the current operating status of the boiler, and are based upon sound
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fimdamentals andengineering knowledge. References aremade throughout thetextto
information that will provide a more in-depth treatment of the subject matter than is
made here.
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SECTION 2: DESCRIPTION OF BOILERS

2.1 Introduction
Steam boilers today range in size from those required to heat a small-sized home to

the very large and efficient ones used in electric power generating stations. Some utility
boilers deliver approximatxdy ten million pounds of steam per hour, and consume more
than five hundred tons of coal during the same time period. The scope of this manual,
however, is focused on those boilers commonly used in industrial applications, which can
be viewed as lower pressure, steam-producing boilers.

The primary purpose of a steam generator is the generation of steam at a pressure
above that of the atmosphere. The steam is produced due to the transfer of heat from a
combustion process or from a heat source within the boiler, or from resistance heaters, in
the case of electric boilers. A boiler is composed of(1) a pressure system for the actual
steam conversion; (2) a structural aspect to provide boiler support and the combustion
area; (3) a means of introducing fuels and removing waste products; (4) a means of
instrumentation and control ta regulate the boiler operation. Numerous technological
advances in all of these areas have led to the widespread (and increasing) usage of steam
throughout industry.

Boilers have undergone significant design, fabrication and operational changes over
the past 100 years. During this design evolution, the properties of steam and water have
been accurately measured and tabulated for use by a boiler designer. New understanding
of boiler thermodynamics and heat-transfer phenomena has been developed, as well as the
means for burning large quantities of fuel safely and efficiently to produce the large
amount of steam required today. Advances in metallurgy have yielded significantly better
steels and alloys, allowing higher pressures and temperatures and reduced corrosion in
modern-day boilers, leading the increased efficiencies. Finally, industry-wide codes and
standards now regulate the design, safety, fabrication, and inspection of critical pressure
parts.

At this time, there are three main types of steam-producing boilers: (1) fire-tube
construction; (2) water-tube construction; and (3) electric boilers. Only the first two are
considered in the following sections, with their advantages, as well as disadvantages
being noted.

2.2 Fire-Tube Boilers
Boilers are classified by the relative position of the hot combustion gases with

respect to the fluid to be heated. In fire-tube type construction, the hot gases of
combustion circulate around a majority of the shell, and inside tubes that are submerged
in water within the shell, as shown in Figure 2.1.
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Figure 2-1: Sectional Sketch of a Horizontal-Return Fire-Tube Boiler

The combustion gases are forced to make several passes through longitudinal tubes
via baffles at the boiler cap ends. As the hot gases flow through the tubes, they transfer
their combustion heat by convection to the tubes, which in turn become hot and cause the
neighboring water to boil. Because heat is transferred from the large surface area of the
tubes, the efficiency of the modern fire-tube is much higher than that of a simple shell-
type boiler heated by an external fire, as was first tried. Under favorable conditions of
fuel and at a rating not exceeding the capacity of the boiler, the efficiency of this type of
boiler can approach 80 percent.

Note in Figure Z-I showing a simple, one-pass horizontal return-tube fire-tube
boiler, the whole boiler shown is acted on by the steam pressure. As this is a large
pressure vessel, large internal stresses exist because of this steam pressure, and a large
margin of safety must be incorporated into the boiler design to prevent failure of the boiler
shell, which could cause extensive damage. As a result, design operating pressures for the
fire-tube boilers normally run in the 150 psig range, and these units normally have a
capacity range of up to 30,000 pounds of steam per hour. This low pressure limit usually
relegates the fire-tube boiler to requirements involving thermal process heating rather
than power production. Hence, super-heating the steam is usually not a requirement for a
fire-tube boiler.
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Many arrangements of the fire-tube boiler have been developed. Tubes have been
placed in horizontal, vertical, or inclined positions, with one or more gas passes. An early
simple arrangement was the horizontal, return-tube boiler, or HRT, which was shown
above as Figure 2-1. In this arrangement, the furnace and grate are located directly below
the front end of the shell, and coal is fed onto the g-rate through a fire door located at the
boiler front. The hot gases travel up and over the refractory brick dam, transferring some
of their heat to the boiler shell outer surface. The combustion gases are then reversed by
brick baffling, and travel through the tubes toward the lower pressure flue gas exit. This
boiler can be easily retrofitted to natural gas or fuel oil firing.

The early HRT fire-tube boiler had several drawbacks. First, partial construction of
the boiler had to take place on location. Because much of the foundation had to be lined
with refractory brick, it took considerable time and manpower. Second, the combustion
gases made only one ‘pass’ through the water, resulting in marginal heat transfer.
Exhaust flue gas temperatures were high, indicating that much of the available heat was
being lost out of the stack. Third, the system was bulky and was not readily adaptable to
additions and alterations needed as a result of varying manufacturing processes. Last,
large convection and radiation losses resulted because of the large external combustion
area. This took its toll in the overall system operating efficiency and decreased its
attractiveness. The main advantage of the HRT is its ability to burn solid, liquid, or
gaseous fuels.

A special class of fire-tube boiler is known as the firebox. In this type of boiler, the
firebox and furnace are located within the shell. A well-known example is the Scotch
Marine Boiler shown in Figure 2-2.

t 1

COMBUSTION ZONE
\

,

Figure 2-2: Internal Furnace, Fire-Tube Boiler
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Combustion in this boiler takes place within one or more cylindrical water-lcooled
chambers, with the gases leaving the chamber towards the rear and returning through the
fire tubes to the stack at the front of the boiler. As the chambers are located within the
shell, no brick setting is required for this type boiler, and a reduction the radiation and
convective losses is realized. Compared with the HRT boiler, the firebox type is self-
contained and compact. The Scotch Marine Boiler however, is limited in steam output
since the diameter seldom exceeds 14 feet. A greater diameter, again, tends to require an
excessive plate thickness. The steam output is accordingly limited to approximately
30, 000 pounds of steam per hour for the larger sizes.

A package boiler is supplied with all necessary controls, foundation and boiler
insulation. A package boiler is easily installed, requiring only a level placement area,
fuel, electrical connections and steam piping connections. Numerous monitoring controls
are part of the electrical system and will automatically shut down the unit in the event of
low steam demand, low water level, low voltage, flame failure, etc.

Packaged fire-tube boilers are cheaper in initial investment than their water-tube
counterparts up to an output of approximate y 30,000 pounds of steam per hour. Under
optimum conditions, and at maximum load, these units usually demonstrate an 80
percent efficiency, and yield a heat release of about 100,000 BTU’s per hour per square
foot of heating surface.

The advantages of this type of boiler system include:

. The ability to meet wide and sudden load fluctuations with only slight pressure
changes due to the large amount of water stored in the shell.

. A low initial cost and relative maintenance.

● A simple installation procedure to bring the system on line.

. An automated, self-regulating control system.

. Ease in cleaning the fireside.

2.3 Water-Tube Boilers
Historically, as tie demand for steam capacity and pressure increased, the shell

diameter of the fire-tube boiler grew to a prohibitive size. The combined effect of the
known stresses induced by the pressure and the indeterminate thermal stresses, further
aggravated by scale deposits from hard water, caused many boiler explosions. Refinement
of boiler design soon led to the water-tube construction, wherein the water was circulated
inside the tubes and the flue gas was outside the tubes. This type boiler could safely
supply the desired increased capacities and pressures over those obtainable from earlier
fire-tube boilers. Water-tube boilers now range in capacity from small, low-output units of
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about 2,OOOpounds of steam per hour to a large central station boiler operating in the
supercritical pressure and temperature regions supplying more than 10 million pounds
per hour of stem to large turbine generators. Although available in the smaller classes,
the field of water-tube boilers begins around the 15,000 pounds of steam per hour area
and has the definite advantage of supplying superheated steam up into the critical steam
region.

Water-tube boilers may be further sub-classified according to certain
characteristics: inclined or bent tube configurations, reservoir drum position, water
circulation, number of drums and capacity. Each of these types arose from a particular
need or installation, and changes were made to the basic configuration to accommodate
these needs.

It was noted early in the design evolution that it is desirable to have as large a heat
transfer surface for the combustion gases as possible. This led to the inclined tube
configuration. By inclining the tubes at an angle, boiler makers were able to use longer
water tubes and thus increase the potential surface area for heat transfer. The
inclination of these tubes also helps the natural water circulation.

The longitudinal-drum boiler was the first water-tube boiler developed, although it
has been all but replaced by various modifications of the cross drum configuration. In the
longitudinal drum boiler, shown in Figure 2-3, feedwater is introduced through a feed
pipe in the front of the boiler drum, inducing a flow toward the rear of the drumhead.

STEAM
SOOT BLOWER

/7’

SAFETY VALVE
CONNECTION CONNECTIONS

7

~/
~ul

Figure 2-3: Longitudinal Drum Boiler
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This water, being cooler and more dense, then passes downward through the rear
circulating header into the rear inclined tubes. Heat is constantly being added to the
tubes by the combustion gases, and as the cooler water enters the base of the inclined
tubes, it begins to heat up. The density of hot water is less than that of cold water, and so
the water circulates up the inclined tubes, toward the front of the steam header. Steam
bubbles that are produced in the tubes rise with the water into the front manifold,
separate, and then pass to the steam space in the drum above. Because the number of
tubes that can be accommodated by the longitudinal drum is limited, even in a multi-
drum configuration, the cross-drum boiler system was developed.

Cross-drum boilers, Figure 2-4, have one large drum set crosswise to the furnace or
perpendicular to the water tubes.

1 FORCED-DRAFT
FAN

-P1
I 1

[

Figure 2-4: Cross Drum Boilers

In this manner, one long continuous drum can serve as the steam-collecting drum
for a large number of inclined tubes. The cross-drum configuration achieves a more
uniform steam temperature than that of the longitudinal drum, although it has a serious
disadvantage in that it is subject to faulty circulation at high steam demands. When this
happens, the upper parts of the tub may become dry (steam at the upper part of the tubes
and water in the tube bottoms). This condition enhances corrosion and the possibility of
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blistering or rupturing the upper part of the tube. Typical capacities of the longitudinal
drum boiler run from 5,000 to 80,000 pounds of steam per hour, whereas for the cross-
drum configuration, this range is expanded from 1,500 to 525,000 pounds per hour of
steam. EMkiencies on the order of 70 to 80 percent are obtainable with the cross drum
steam generator.

Further evolution of boilers included the bent-tube boiler, shown in Figure 2-5.

—

II
Figure 2-5: Bent-Tube Boiler of the Stirling Type

Frequently called the Stirling boiler, the first of these designs employed four drums
located in a cross-dmm fashion, with the bent water tubes entering directly into each of
the drums. The tube entries are so positioned that they all enter the drum wall on a
radius to keep the tubes separated, and provides adequate tube spacing for heat transfer
from the combustion gases. This bent tube configuration provides a larger surface area
for heat transfer, as well as promotes natural water circulation.

The lower drum of the Stirling type is called the mud drum. The mud drum is kept
completely full of water, and a blow-off connection is provided at the base to remove
accumulated solids. The three upper drums till have varying mixtures of water and
steam, and are interconnected by lines, whereby the produced steam can be extracted
from one (lefi-hand) cross-drum. Feedwater is also introduced to this drum, and as its
density is greater, it travels down the ‘downcomer’ tubes at the boiler’s left or rear. The
front bent tubes are placed over the combustion process, and result in heating the water,
causing it to rise and become steam. The middle drum and associated tubes are, in most
cases, ‘risers’ also. However, their shape can change with boiler load and possibly cause
circulation difficulties or nearly stagnant tubes.
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Circulation of the feedwater within the tubes is one of the most important
considerations in a water-tube boiler design. An elementary water-tube boiler is shown in
Figure 2-6, which is referenced for discussion purposes.

HEAT

STEAM
OILER DRUM

— CONTINUOUS BLOW

c— BOTTOM BLOW

Figure 2-6: An Elementary Water-Tube Boiler

In any water-tube boiler system, the circulation system starts with the boiler drum
and ends with the boiler drum. We will assume that all heat transfer occurs in the riser
section of the boiler. Feedwater, or condensed boiler water, is fed into the elevated boiler
drum. As this water is essentially at saturated conditions, its density will be greater than
that of the hot water exiting the riser. Therefore, this cooler water will enter the
downcomer and flow toward the lower drum. After arrival at the lower drum, it is forced
to enter the riser by the pressure of the entering feedwater. On its travel upward, heat is
transferred to the water, causing it to evaporate into steam, with the result that the fluid
in the riser is then composed of a mixture of steam and water, The density of the mixture
in the riser is less than that of the incoming feedwater, which provides the pressure to
overcome the friction loss occurring in the system. Carefid attention must be given to the
sizing of the system, since, if a tube surface becomes dry, the coefficients of heat transfer
will decrease and the tube wall will overheat and lead to possible blistering or rupturing.
It is therefore extremely important to ensure the inside tube surface will be wet at all
times.

As the operating pressure of the steam generator is increased, the difference in
density between the saturated water and the saturated steam decreases, and
consequently the driving head is reduced. The height of the boiler must, therefore, be
elevated to provide a larger column of water to compensate for the dwindling density
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differences. Aboiler operating inthel,200 psigrange t~ically hastheboilerdrm
located from 100 to 150 feet above the operating floor to ensure natural circulation.
Boilers operating in the critical pressure usually have forced circulation utilizing pumps.

The number of boiler drums utilized in a steam generator varies from application to
application. The early Stirling-type boiler utilized four boiler drums, although the trend
in modern small-to-medium capacity boilers is to use three.

In the last forty years, the packaging of water-tube boilers of capacity up to 500,000
pounds per hour has evolved to the point that most new industrial boilers purchased are
of the packaged type. Lower cost has been the main driving point for this development.

Packaged water-tube boilers have three basic designs. These are

* The “O” configuration
● The “A” configuration
● The “D” configuration.

These three configurations are shown in Figure 2-7 and are available in varying
sizes to produce steam from 10,000 pounds per hour to 500,000 pounds per hour.

‘A’ TYPE y), TYPE ‘O’ TYPE
Figure 2-7: Package Boiler Configurations

In summary, the water-tube boiler is, in principle, the reverse of the fire-tube
boiler. The hot gases are in contact with the outside surface of the tubes, and the boiler
water and steam are in contact with the inside surface of the tubes. Fire-tube boilers are
most economical in the small steam production range up to approximately 15,000 pounds
of steam per hour. Capacities above this range are better handled by the water tube
construction, which also has the capability of producing very high pressure and
superheated steam. In their modern-day configuration, both have been optimized for a
particular steam capacity and have been rigorously tested to ensure their safety in
operation.
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SECTION 3: MEASUREMENT OF BOILER EFFICIENCIES

3.1 General ‘Rules of Thumb’
By making some simplifying assumptions, it is possible to achieve approximate

efficiency improvements without making any detailed calculations. A few of these are
detailed below.

● The return temperature of the condensate directly affects the boiler efficiency.
The lower the condensate temperature, the greater the amount of heat required
to bring the feedwater temperature to a given value. For every 10° F drop in
condensate temperature, the boiler efficiency is decreased by one percent when a
system is returning 100 percent of its condensate. If a boiler system employs an
economizer, that increases the temperature of the feedwater using a waste heat
source (for example, the exhaust gases) by 10°F, then the efficiency is increased
by one percentage point. The temperature reduction in the feedwater can be
calculated by the following:

T
(100- % of condensate returned) T ~ % of condensate returned ~

Feedwafer = 100 lnak-up 100 Condcnsace

Wiater return

For example, a system with a make-up water temperature of 50° F and a
condensate return temperature of 1800F for a boiler with 50 percent condensate
return, a decrease in condensate temperature of 200F results in an efficiency loss
of one percent.

. The design stack gas temperature exhausting a boiler when operating at or near
fall-load conditions is approximately 100° F above the steam temperature. A
boiler operating at 100 psig pressure would have a saturated steam temperature
of 338° F, which results in a stack gas temperature of 438°F when operating at
fill-load conditions. This is a good first approximation of the expected stack gas
temperature measured at the exit of the boiler. Scale and deposits on the inner
parts of the boiler reduce heat-transfer surface area, resulting in a higher
temperature difference between the steam temperature and the boiler exhaust
gas temperature. Every 40”F increase or change in the boiler stack gas
temperature results in a 1 percent change in boiler efficiency.

. Every 400F increase in combustion air temperature fi-om a waste energy source
results in a 1 percent increase in the boiler efficiency. Also, the reduction of the
boiler stack gas temperature by 40”F results in a 1 percent increase in the
efficiency of the boiler.
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3.2 Determination of the Performance of Boilers
The performance of boilers is a function of the excess air used for combustion and

the exit flue gas temperature, assuming the fuel..is burned completely. The performance
of a boiler may be determined by two methods described below.

Direct Method
The direct method measures steam generator efficiency or boiler effkiency. To

perform this test, calibrated measurements must be made to determine the input and
output flow rates of water and fuel as well as temperature, pressure and fuel composition.

Indirect Method
The indirect method measures the combustion efficiency. For a boiler, energy is

released during combustion, and that energy either goes out the stack, through the boiler
skin, or is used to heat the water/steam mixture. The combustion efficiency is the ratio of
energy in the fuel to the sum of the energy flows from the boiler skin and energy
transferred to the stearnlwater. To perform the test for combustion efficiency, it is
necessary to obtain a fuel analysis and an exhaust gas analysis.

The method most often used in the field is the indirect method/combustion
efficiency since fewer measurements are required. The problem with using the direct
method for boiler efficiency is the field installation of calibrated instruments in existing
lines, such as steam and fuel flow meters. Also, determining the energy level of the steam
leaving the boiler poses a problem. This requires the installation of a throttling
calorimeter on the main steam line in the case of wet or saturated steam. The metering of
solid fuel flow is nearly impossible, and it may be required for the direct method.

However, the indirect method, which requires only the measurement of
concentrations of exhaust gases (oxygen, carbon monoxide) as well as the temperature
with calibrated instruments is relatively simple. The calibration of gas analyzers is
accomplished by using bottled calibration gases, which are accurate within 1 part per
million (ppm). Installing the instrumentation on a boiler to determine the indirect
method/combustion efficiency is then very easily accomplished.

3.3 Testing Procedure for the Direct Method
The boiler should be tested at different flow rates of steam over the range in which

the boiler is operated, The flow rates between successive tests should vary by about 10%
of the boiler’s rated capacity.

The following procedure is recommended:

1. Install calibrated instruments (See the following figure for illustration of
installation that does not require shutdown.

2. Operate the boiler for one hour at the desired load prior to starting test.
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3. Mark the water level in the boiler.

4. Perform test approximately one hour, reading:

● Temperatures every 10 minutes
. Pressures every 10 minutes
. Flow rates every 15 minutes or total flow during the one hour test.

5. Stop test when the water level in the boiler is in the same position as the start of
test.

The flow rates, temperatures and pressures should remain essentially constant
during the test. This is necessary to reduce the error in evaluating the results of the test.

3.4 Efficiency of the Boiler using the Direct Method
The efficiency of a boiler using the direct method is defined as:

output = K(hs=+)q=
Input if, (HHV)+W’ (3.1)

where the variables are defined below in Table 3-1.

Table 3-1: Quantities Measured Using Direct Method

r

Quantity Definition units— —
HHV higher heating value of the fuel B’IV/lb

h, enthalpy of water entering boiler BTU/lb

40 enthalpy of steam leaving boiler BTU/lb

Mf mass flow rate of fuel lb/hr

M. mass flow rate of steam lb/hr

w work, or power for pumps, etc. BTU/hr

~ boiler efficiency ---

The measurements needed to calculate the boiler efficiency are shown below in

Figure 3-1.
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Figure 3-1: Measurements Necessary to Calculate Efficiency of
Boiler using the Direct Method

With no blowdown, these are:

Water Entering the Boiler:

Flow rate, ~=

Temperature, T4
Pressure, P4

Steam Leaving the Boiler:
Temperature, T5A
Pressure (P5A) or Quality (X5A) if steam is saturated

For Fuel:

Flow Rate, fif

Temperature, T1
Pressure, PI
Higher Heating Value of Fuel (HHV)

The higher heating value of the fuel can usually be obtained by sending a sample to

a ~Gl analysis laboratory. The fuel sample should be collected according to the
recommended procedures.

The measurements necessary to determine the efficiency by the direct method are
given in Table 3-2:

-22-



Table 3-2: Measurements for Direct Method

———..-.
Quantity Flow Rate Temperature Pressure Quality HHV—

Feedwater _.--_.—— .——- —..
Steam ~;:::: ,:;;,,:::

-——
Fuel .:...:.:::.:..................... ..

—-— —

3.5 Testing Procedure using the Indirect Method
As with the direct method, the boiler should be tested at several load conditions

over the entire range of operation when applying the indirect method. The following
testing procedure is recommended:

1.

2.

3.
4.
5.

Install calibrated instruments (see Figure 3-2)
Operate the boiler at specified load for approximately one hour prior to making
the test.
Make an Orsat analysis of the exhaust gases
Take a fuel sample and measure fiel temperature and chemical composition
Record the following data:

a.
b.

c.

Intake air temperature, pressure and relative humidity
Flue gas temperature and exhaust gas composition measured at the exit of
the boiler.
Fuel chemical composition

The flow rates and temperatures should remain essentially constant during the
test.

EXHAUST

237
_STEAM

34

EXHAUST GAS COMPOSITION ——

BOILER

FUEL ._.—_

AIR I
!

WATER
HUMIDITY RATIO —-—

--lBLOWDOWN

-.

Figure 3-2: Measurements to Calculate Combustion Efficiency
using the Indirect Method
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3.6 Combustion Efficiency of a Boiler Using the Indirect Method
The combustion efficiency can be defined as the energy released in combustion

divided by the higher heating value of the fuel. Mathematically, we write:

(3.2)

The quantities used in Equation (3.2) are defined in Table 3-3.

Table 3-3: Measured Quantities Using the Direct Method

Quantity Definition units

HHV higher heating value of the fuel BTUflb

h enthalpy of the products of BTU/lb
pmdws

combustion

h enthalpy of the reactants BTU/lb
reactants

involved in combustion

Table 3-4 indicates the measurements that must be made in order to estimate the
combustion efficiency using the indirect method.
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Table 3-4 Measurements Required for Indirect Method



3.7 Minimum Data Required for the Indirect Method
The minimum data required for the indirect method are as follows:

● Intake Air Temperature, T2
● Incoming Fuel Temperature, T1
● Type of Fuel (chemical composition)
● Exhaust Gas Temperature, T3A
● Composition of the Exhaust Gas (CO and 02).

Figure 3-3 shows the effect of all the variables on accuracy. In estimating the error,
testing personnel should note that as a general trend, the error in efficiency increases as
the flue gas temperature increases. Thus, curves for errors at higher flue gas
temperatures would show greater errors in efficiency.

40.00

1
EFFECT OF AU VARIABLES ON ACCURACY
FLUE GAS TEMPERATURE == 350.0 DEGREES F

A30.00
&

~
w

G
E
~ 20<00

z—

E
o
rY
E
w 10.00 -

0.00 r , , , 1 1 , I 1 , r , , I , , , , , I , , , , , , , 1 , , , , , I

0.00 2.00 4.00 6.00 8.00 10.00
TOTAL ERROR IN E4CH MEASUREMENT(%)

Figure 3.3: Errors in Estimating Combustion Efficiencies as
a Function of Errors in Each Measurement
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SECTION 4: TESTING AND DATA ANALYSIWREDUCTION

4.1 Instrumentation for Combustion Efficiency Testing
Displayed in Table 4-1 are typical instruments to determine boiler combustion

efficiency. Calibration of gas analyzers is accomplished through the use of bottled
calibration gases. The oxygen calibration gas normally used is 5 percent 02, while the gas
for carbron monoxide is 400 ppm. The CO and 02 are in the same bottle, with the
remainder of the gas being nitrogen. The temperature instruments are routinely
calibrated using the boiling point of water.
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Table 4-1: Instruments Used in Boiler Efficiency Testing

Instrument Description Maximum. Use Method Model &
Allowable Error Employed Manufacturer

Flow Meter Turbine Type fO.25% of Flowrate Measure fuel and Direct Vortex Shedding

feedwater Meter

flowrates Shenandoa, GA

Thermocouple Type K: Chrome-Alum t3°F Measure temp. of Direct Leeds & Northrup
fuel feedwater Northwale, PA

Thermocouple Millivolt Meter to.35% Reads millivolt Direct Omega
Readout output from Engineering

thermocouple Stamford, CT
Calorimeter Throttling type HI.2% Energy Level of Direct U.S. St43am

wet steam
Pressure Gage Hiess Gage iO.5% of full scale Measure pressure Direct Hiess

of fuel and Newton, CT
feedwater

Orsat Analyzer Flue Gas Analyzer * 1% of actual volume Measure CO and Direct/Indirect Burrell Corp.
02 in flue gas Pittsburgh, PA

Model # 39-216
Neotronics Electronic Flue Gas 0.1 % of actual volume Measure O?, CO DirecUlndirect Neotronics LTD of

Analyzer and Stack North America
Temperature

Bacharat Electronic Flue Gas 0.1 % of actual volume Measure OZ, CO, Indirect Bacharat, Inc,
Analyzer Stack Pittsburgh, PA

Temperature and
Oxides of Sulfur

and Nitrogen
Lancorn Electronic Flue Gas 0.1 % of actual volume Measure O?, CO, Indirect/Direct Land Combustion

Analyzer Stack Bensalem, PA
Temperature and
Oxides of Sulfur

and Nitrogen
Teledyne Electronic Flue Gas 0.1 %of Actual Volume Measure CO and Indirect Teledyne, Inc.

Analyzer 02 in flue gas LOSAngels, CA

Enerac Electronic Flue Gas 0.1 % of Actual Volume Measure O?, CO, Indirect Energy
Analyzer Stack Efficiencies

Temperature and Systeme,
Oxides of Sulfur Westbury, NY

and Nitrogen



4.2 Error Analysis of the Indirect Method
The variables considered in error analysis are CO, 02, and the flue gas

temperature. The measured CO is a direct indication of the C02 level generated if the
chemical composition of the fuel is also known. These variables were selected because
they are the most significant in the calculation of the combustion efficiency. The only
significant flue gas component variable is the C02, since it is the largest single
measurement and contributes significantly to the absolute enthalpy of the products of
combustion. The expected error in efficiency is taken to be the root-mean-square (RMS) of
the sum of the individual errors.

The CO is measured in parts per million (PPM), which generally results in a very
accurate determination of the C02 level. Calibrated instruments are used to determine
the temperature and oxygen level. For example, M1.2% error in C02, H% error in
temperature, and H% error in the level of the oxygen, the total error from the reading
would be:

ErrorRM~= ~(0.2)2 + (1.0)2 +(1.0)2 = 1.43% Error.

Entering Figure 3.3 with this value for a stack temperature of 350”F, an expected
error of 1.3 percent in the actual combustion efficiency results. It should be noted that as
a general trend, the error in the efficiency increases as flue gas temperature increases.

The number of these variables is fewer than those required in the direct method
resulting in a smaller efficiency error. Also, in the direct method, the measurements are
more difficult to measure as accurately. These three variables represent the significant
variables in the combustion efficiency calculations. The fuel composition is needed along
with these three variables to determine the combustion tables.

As previously shown, there is a significant effect on the combustion efficiency
resulting from errors in the measurement. In estimating error, it should be noted that as
a general trend, the error in efficiencies increases as flue gas temperature increases.
Thus, curves for errors at higher flue gas temperatures would show greater errors in
efficiencies.

4.3 Boiler Efficiency Obtained From Combustion Efficiency
The boiler efficiency can be estimated fi-om the combustion efficiency obtained from

the measurements ofCO,02, stacktemperatureandboilercombustionair temperature,
The difference between boiler efficiency and combustion efficiency is the skin or surface
boiler heat loss when the boiler blowdown is turned off. To determine the boiler heat loss,
a measurementicalculation of the average boiler surface temperature is required and
presented below.

4.4 Measurement of Skin Boiler Temperature
The outside boiler surface temperatures can be measured by two methods. The first

is by obtaining a temperature profile of the boiler surface using infrared radiation, which

-29-



requires that the emissivity of the surface be known. A second method is to use a contact
thermocouple to directly determine the surface temperature.

The outside surface temperature is normally determined by using a contact
thermocouple. The surface temperature is an ‘area weight averaged’ and is determined by
the following relation:

.

(4.1 )

The size of the area is not restricted in any way; for example, one area maybe an
entire vertical surface of the boiler.
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4.5 Heat Loss From Surface Of Boiler
‘I’he heat loss from the outer surface of the boiler can be estimated in terms of the

outer surface temperature of the boiler and the ambient air temperature. The heat loss
per unit area can be estimated by Equation (4.2), using the variables defined in Table 4-2.

Q— = hcAT .
A

(4.2)

Table 4-2: Variables Used for Determine Heat Skin Loss

~ Definition units

Q heat transfer BTU/see
A area of the boiler square feet 4
h I combined convective/radiative \ BTU/(ft2sec “F) \..=

heat transfer coefficient
AT temperature difference (boiler OF

1- surface - ambient) I I

For the temperature range of most boilers, the value of h= can be estimated to be:

hC=0.01 AT+2. O. (4.3)

A plot of the boiler skin heat flux is given below in Figure 4-1. The heat flux in
BTU/hr can be obtained by the product of (Q/A)(A) for a given AT.

600.00

500.00

~ 400.00
\
g

In
g 300.00
L

5

= 200.00

100.00

0.00 l.~n—rrrq

20.00 40.00 60.00 80.00 100.00 120,00 140,00 160.00
SKIN TEMPERATURE MINUS AMBIENl TEMPERATURE

Figure 4-1: Plot of Heat Loss as a Function of the
Difference in Skin Temperature and Ambient Temperature

-31-



The difference between boiler and combustion efficiencies can be illustrated in
Table 4-3 as the percent skin heat loss. Note in the table that the skin loss is a higher
percentage as the load changes (decreasing from’ftil load). The skin losses for a specific
case would be determined using the previously presented methodologies.

Table 4-3: Data Demonstrating Skin Loss Equivalence at 2 Percent
of Boiler Fuel Input at Full Load

Boiler Load I Skin Loss, BTU/hr Boiler Fuel Input % Skin Loss 1

I 10% I 1,000,000 5,000,000 20%
25% 1,000,000 12,500,000 8%
50% 1,000,000 25,000,000 470

100% 1,000,000 50,000,000 2%

The general shape of combustion efficiency and boiler efficiency as a function of
boiler load is illustrated in Figure 4-2.

COMBUSTION EFFICIENCY

~
% SKIN LOSS

&

I I I I I [ I I I I I I I I

30354045505560 65 707580859095100

BOILER LOAD (%)

Figure 4-2: Sketch of Boiler Efficiency
as a Function of Combustion Efficiency and Skin Heat Loss

The combustion efficiency of a boiler is indicated by the stack gas temperature and
the oxygen level measured. The lower the temperature, and oxygen level of the boiler
stack gases, the higher the combustion efficiency.
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SECTION 5: USE OF TABLES TO DETERMINE BOILER EFFICIENCY

5.1 Fuel Composition Tables
Tables for combustion efficiencies are included in the following pages. Information

is listed for:
● Natural Gas
o Number 2 Fuel Oil
● Number 6 Fuel Oil
● Coal

The tables have been generated knowing the mole composition of the fuel, and the
flue gas temperature, the amount of oxygen in the flue gas, and the amount of carbon
monoxide in the flue gas. Two tables listing fuel compositions are included below.

Table 5-1: Typical Fuel Properties

Fuel Molecular Specific Heat Enthalpy of Higher Heating
Weight Formation Value

Natural Gas 16.7 0.487 (gas) -2537 21,869
Number 2 Oil 208 0.480 (liquid) -225 19,512
Number 6 Oil 338 0.480 (liquid) -167 18,300

Coal 483.44 0.20 (solid) -2374 14,203

Table 5-2: Typical Fuel Composition

I Fuel

I
Natural Gas

IrNumber 2
Oil

FCoal

I

a(CAHB) a,(IV2) a2(H20)

0.968 0.0228 0.0

(C1.02H4.05)

0.940 0.0075 0.0

(C15.85H2726 )

0.785 0.1108 0.0

(C,du)

0.965 0.0053 0.0174

(c39.4u~26.19 )

a3(02) a.(c) a5(H2) a6(s2) a7(c02)

0.0060 0.0 0.0 0.0 0.0029

0.0 0.0 0.0 0.0522 0.0

0.0296 0.0 0.0 0.0739 0.0

0.0097 0.0 0.0 0.0026 0.0

Note: Fuel compositions vary significantly, and that these data should be taken only
as representative.
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5.2 Example Using Combustion Efficiency Tables
This section details an example of the use of the methodology presented in this test

to determine the boiler efficiency. The combustion efficiency is determined from the
combustion efficiency tables and then the boiler efficiency is obtained from the combustion
efficiency.

An instrument from Table 4.1 is used to determine the exhaust gas oxygen and
carbon monoxide levels in the flue gas. This is accomplished by inserting a probe into the
stack, close to the boiler, and pulling a sample of the exhaust gases. Also, at this point,
the exhaust gas temperature is measured using a simple thermocouple. The inlet boiler
combustion air temperature is measured. A typical set of data is listed below:

Stack Temperature: 450°F

Combustion Air Temperature: 700F (This maybe the boiler room air temperature)
Oxygen Level: 5%
Carbon Monoxide: 0.1% or 1000 PPM
Fuel: Natural Gas

The first step is to subtract the combustion air temperature from the stack
temperature: (450 - 70) = 380°F. Enter the combustion table for natural gas, with a
carbon monoxide reading of O.1%, and an oxygen level of 5940 and read out the combustion
efficiency of 79.92’-ZO.

To determine the boiler efficiency using the combustion efficiency, the following is
required:

. The boiler percent load, which is the ratio of the actual amount of steam being
generated compared to the rated steam capacity of the boiler.

o The average skin temperature of the boiler obtained by applying Equation 4.1.

0 The room air temperature measured with a thermocouple.

o The surface area of the boiler, in square feet.

Typical values for this example may be:

Boiler rated steam flow: 50,000 pounds/hour (obtained from nameplate)

Steam load on boiler at time of test: 30,000 pounds/hr (obtained from installed
imtrurnentation or estimated as a percentage of fuel valve opening)

7“he average skin temperature: 1800F (obtained using a surface pyrometer and
equation 4.1 )

Boiler room temperature: 700F
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Total bailer surface area: 2933 square feet

The following can be easily determined:

TAveroge Skin – TROO~=180–70=110” F.

Using Equations 4.2 and 4.3 or Figure 4.1, the skin heat loss is determined to be
341 BrNJ/hr-ft2. The total skin loss is found by multiplying the area of the boiler (2933
ft2) by the skin heat loss. This value will equal 1,000,000 BTUlhr. The percent load on
the boiler is 30,000/50,000 = 80$%.

The boiler efficiency is obtained by subtracting the percentage skin energy loss from
the combustion efficiency by using the following relation:

Boiler Efficiency = Combustion Efficiency –
Skin Loss

Boiler Energy Input

Boiler Eflciency = 0.7992 –
1,000,000

=0.766
(0.8)(50,000)(1000)

5.3 Index for Tables of Data

EuEL
Natural Gas

Number 2 Oil

Number 6 Oil

Coal

Zsx2
0.0
0.1
0.5
0.0
0.1
0.5
0.0
0.1

0.5
0.0
0.1
0.5

PAGE NUMBERS
36-39
40-43
44-47
48-51
52-55
56-59
60-63
64-67

68-71
72-75
76-79
80-83
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COMBUSTION IH?lUCIENCY TABLE FOIl NATURAL GAS

I

%’
1

Properties of Natural Gas:

Molecular Weight: 16.7 ,bm’~ole

Specific Ileat 0.487 ~

Enthalpy of Formotion: -2637 ~

Higher lIenting Value: 21869.0 ~

0.00
050
1.00
1.60
2.c41
2.50
9.00
3.66
4 .W
4.60
600
6.66
6.00
6.60
100
7.60
8.06
8.60
9.00
9.E41

10.00
10.60
11,00
11.60
12.00
12.60
1300
13.60
14.00
14.60
16.00

0.00 11.87 88.13
0.00
000
0.06
000
000
000
000
0.60
000
O.rm
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0,00
o.(x)
0s)0
0.00
0.00
Oslo
0.00
0s)0
000
0.00
000
0.00

11.69 87.91
11.30 87.70
11.02 07.48
10.74 87.20
1046 87.04
10.17 8683
9.s9 86G1
9.61 s639
9.33 0617
9.04 86.20
8.76 06.’74
8.40 85.52
8.20 86.30
7.91 85.09
7.63 84.87
7.35 84.65
7.07 84.4s
6.78 84.22
6.60 84.00
6.22 83.78
6.94 83.68
6.66 83.36
6.37 83.I3
6.02 f32.91
4.81 02.69
4.62 8248
4.24 82.26
9.90 82.04
9.68 81.82

0.00 0.0(
0.00 2.1 I
0.00 4.4:
0.00 6.8
0.00 9.4(
0.00 12.0
0.00 14.8!
0.00 17.6(
0.00 21.01
0.00 24 .3(
0.00 27.91
0.00 31.69
000 36.71
0.00 40.03
O.rm 44,66
0.00 49.61
0.00 64.96
0.00 80.72
0.00 e6.97
0.00 79.76
O.cm 81.17
0.00 89.2s
O.(NI 9s.21
000 108.07
0.00 119.03
0.00 131.27
0.04J 146.06
0.00 180.66
O.(KI 178.49
000 199.07

!4.39 81.81 0.00 223.07

COMBUSI’1ON EFFICIENCY
(’Efficiencies are listed by /lue gas temperature less surrounding temperature, oF)

170 180 190 200 210 220 230 240 250 260 270 280 290 300

86.63 86.32 86.10 86.89 86.68 86.46 56.26 86.03 84.s2 84.61 04.39
80.46

84.18
86.26 e43.03

83.97
86.81 86.69

83.7t
86.37 86.16 84 .M 84.72 84.60 84 +?S 04.07 8386 83.GI

66.99 843.17 86.96
66.32 86.09 86.86
86.24 86.00 86.77
86.16 86.92 86.68
fxi.oo 66.82 86.68
86.97 86.72 86.48

86S7 86.62 8.5.37
85.77 86.61 86.26

86.66 85.39 86.12
86.54 85.26 84.99
86.41 85.13 84.86
85.27 84.99 84.70
86.13 84.83 84.64
84.97 64.67 84.36
84.80 84.49 M.17
84.62 84.30 83.97
84.43 84.09 83.76
84.21 83.86 83.61
83.98 83.62 83.26
83.73 83.36 82.97
83.46 83.05 82.68
83.14 82.72 82.31
82.79 823G 81.92
82.41 81.96 81.49
81.97 81.49 81.01
81.48 80.97 80.46
80.92 80.38 79.84
M.28 79.70 79.11
79.62 78.90 78.27

8672
86.64
86.64
8544
llfi.34
85.23
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84 .?9
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84.41
84.24
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77.96 77.37
77.02 76.40

86.08
84.96
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8421
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COMBUSTION EFFICIENCY TABLE FOR NATURAL GAS

Properties of Natural Gas:

Molecular Weight: 16.7 ~bm])o,e

Specific Jleat: 0.487 *Y

Enthalpy of Formation: -2637 ~

Higher Heating Value: 21869.0 ~
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000 2.1 a
0.60 4.47
O.w 6.67
0.00 9.40
O.cm 12.07
O.w 14.69
O.w 17.66
O.w 21.01
0.00 24.36
O.w 27.91
O.w 31.69
O.lx) 96.72
000 40.03
o.(m) 44.G5
0.00 49.61
0.00 64.95
O.w 60.72
O.w 66.97
0.00 73.76
O.w ins 7
O.w 89.28
0.00 98.21
0.00 106.07
0.00 119.03
O.(MI 191.27
O.(MJ 146.06
O.w 160.e41
0.00 178.49
0.00 199.07
0.00 223.07

COMllUS1’ION IN’FICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, “1’)

310 320 330 340 350 360 370 380 390 400 410 420 430 440

83.64 63.32 83.11 82.90 82.68 02.47 82.26 82.04 Ill .63 81 .G1 81.40 81.19 6097 80.7(3
83,41 63.20 82.98 82.76 82.64 8232 82.11 8189 81 .G7 81.46 81.23 81.02 80.80 81M8
83.28 63.06 82.84 82.62 82.39 82.17 81.96 81.73 61.61 81 2X3 81.00 80.84 80.62 60.39
63.14 82.92 82.69 82.46 02.24 82.01 81.79 m .66 61.33 81.11 80.86 80.65 80.43 60.26
83.66 82.77 82.64 82.31 82.07 81.84 81 .G1 81.28 81 .I 6 80.!?2 8(.G9 80.46 80.23 79.09
62.86 62.61 82.37 82.14 81.90 8! .67 61.43 81.19 60.9s 80.72 60.49 00.26 60.01 79.78
82.G9 82.44 82.20 81.96 61,72 81.46 81.24 81.00 20.76 80.61 6027 60.03 79.79 79.65
82.62 82.27 82.02 81.77 61.63 81.26 81.03 80.79 80.64 80.29 60,06 79.60 79.6G 7931
82.33 82.08 81.83 81.66 8132 81.07 89.82 60.67 80.31 80.06 ‘79.61 79.66 79.30 79 OK
62.14 61.86 81 .G3 81.37 81.11 80.86 4M.69 80.33 RO.07 79.81 79.66 793a 79.04 78.78
81.94 81.67 81.41 61.14 60.8E 80.61 80.36 80.08 79.82 79.65 7929 ‘19.02 78.76 78.49
81.72 81.45 81.16 60.91 60.63 86.36 66.09 79.62 79.66 79.27 79.00 78.73 78.46 78.1 II
81.49 81.21 80.93 80.G6 66.37 80.09 79.81 79,63 7926 7698 78.70 78.42 78,14 7760
81.26 60.96 86.67 60.36 80.10 79.81 79.62 79.23 78.94 78.66 78.37 78.06 77,79 77.61
80.98 80.G9 80.39 64.09 79.60 79.60 79.20 78.91 78.61 78.32 78.02 77.72 77.43 77.13

84).70 66.39 M).oz 79.78 79.48 79.17 76.87 78.66 78.26 77.96 77.64 77.34 77.03 76.73
80.39 60.06 79.76 79.46 79.13 78.82 76.60 76.19 77.87 77.66 77.24 76.93 76.61 76.29

60.06 79.74 79.41 79.08 78.7G 78.43 76.11 77.78 77.46 77.19 7G.80 76.48 76.! 6 76.83
79.70 79.37 79.03 78.69 78.36 78.02 77.68 77.34 77.01 76.67 76.33 76.99 76.66 76.32
79.32 78.97 78,62 78.27 77.92 17.67 77.22 76.87 76.62 76.17 76.R2 76.47 76.12 74.77

7889 78.63 76.16 77.6a 77.44 77.01 7G.71 76.36 76.08 76.62 76.26 ‘74.69 74.63 74.17

76.43 76.06 77.67 77.29 7G.91 76.63 76.16 76.76 76.40 76.02 74.64 74.26 73.89 73.61
77.92 77.I52 77.13 76.73 76.34 76.94 76.66 76.16 74.76 74.36 73.97 73.67 73.16 72,78

77.36 76.94 76.63 76.11 76.70 76.29 74.87 74.46 74.06 $73.63 73.22 72.81 72.39 71.96
76.72 7&29 76.66 76.42 74.99 74.66 74.12 73.69 7326 72.82 72.39 71Jj6 71.62 71.09
76.02 76.67 76.11 74.66 74.20 73.74 73.29 72.83 72.38 71.92 71.46 71.01 70.66 70.10
76.24 74.76 74.27 73.79 73.31 72.83 72.36 7i .87 71.38 70.90 70.42 69.94 69.46 68.98
74.34 73.83 73.32 72.81 72.30 71.79 71.28 70.77 70.26 69.76 69.24 66.73 68.22 67.71

73.32 72.78 7223 71.69 71.16 70.61 70.06 69.62 66.98 66.43 67.89 67.36 e43.l?41 60.26
72.14 71.66 70.98 70.40 69.82 69.24 66.66 6808 67.60 66.91 66.33 66.76 66.17 64.69
70.77 70.14 69.62 68.89 66.27 67.64 67.02 6699 66.77 66.14 64.62 63.89 63.27 62.64
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COMIIUS’I’ION EIWICIENCY TABLE FOR NATURAL GAS

Properties of Naturai Gas:

Moleculnr Weight: 16.7 ,bm]~ole

Specific IIeat: 0.487 ~

Enthalpy of Formation: -2637 ~

nm r
Higher IIeating Value: 21869.0 ~

.:.,,.,,,::::.::,..
,.,}:!:;::. :,.

Dry Products of Combustion
.::.:::....::.:,,.:,., ..,,,’,.:,,,:, ,:

%02 %Co %Co, %N2 %s0, +’
}

0.60
100
1.60
200
260
9.00
960
400
460
6.00
&6a
600
6.60
7.00
760
800
860
9.CM
9.60

1O.(KI
$O.EII
11.00
1}60
1!200
s2.60
1300
1960
140a
1460

000
0.00
0.00
0.00
0.00
000
OGO
000
000
0.00
000
0.00
000
0.00
0.00
000
0.00
0.00
0.00
000
!3.00
0.00
0.00
0.00
0.00
0.00
0.00
owl

000

11.69 8791
f i .90 87.70
1I .02 87.48
10.74 87.2f3
10.46 67.04
1017 6(.83
9.09 66.6!
9.61 66.99
933 na.17
904 66.96
8.76 85.74
8.48 06.62
8.20 86.30
‘?.91 86.09
7.63 84.87
7,3!5 84 .6.E
7.07 64.43
6.78 84.22
8.60 8400
&2a 63.78
6.94 83.66
665 83.9i5
6.3’7 83.1s
5.09 82.9!
4.8: 82.69
4.62 82.4F
4.24 82.26
9s6 82.0%
9.68 61 F.

000 2.18
O.GO 4.47
0.00 6.87
000 9.40
000 12.07
O.OQ 14.89
000 17.86
0.00 21.01
O.GO 24 3(3
Ocfl 27.91
OGO 31.69
000 36.72
O.GO 40.03
000 44.66
000 49.61
0.00 64.96
O.(KI 60.72
0.00 66:97
0.00 73.76
0.00 81.17
OGO 69.28
003 98.21
000 106.07
000 119.03
0.G6 131.27
0.00 145.06
000 160.66
0.00 178.49
0.00 1W.07
000 223.07

COMDUSTION IXWICIENCY
(Efficiencies are listed 15y/lue gas temperature less surrounding temperature, “IO

450 460 470 480 490 600 610 620 630 640 660 660 670 680

80.64 6033 30.12 79 w 79.09 7947 792Q 79,06 78.83 7862 78.40 78.19 77.98 7776
80.36 60.14 79.93 79.71 79.49 79.27 790(3 7884 7862 7840 78.18 77.97
80.17 79.96 79.73 7961 79.28 79.06 7884 78.62 7840 78.1 ? 77.9s 77.73
79.97 79.76 79.62 79.29 7907 78.84 78.61 78.39 78.1 e 77.93 77.71 77.48
79.76 79.63 79.30 7907 7684 7861 78,38 78.14 77.91 77.66 77.46 77.22
79.64 79.31 79.07 78.83 78.60 7836 78.1 z 77.89 77.66 77.42 77.18 76.94
79.31 79.07 78.82 78.66 78.34 78.10 77.66 77.62 77.36 77.14 76.89 76.65
79.00 7861 7867 7832 78.07 7783 7768 77.33 77S)9 76.84 76.69 76.36
78.60 78.66 78.29 78.04 77.79 77.64 77.28 77.09 76.78 7662 76.27 76.02
76.62 78.26 78.00 77.74 77.49 77.23 76.97 76.71 76.46 7619 7593 76.67
7823 77.90 77,69 77.43 77.16 7690 7663 76.37 76.10 7684 76.67 76.3t
77.9t 7764 77.37 77.09 76.82 76.66 76.28 76.01 76.79 76.46 76.19 74.92
77.68 7730 77.02 76.74 7646 76.18 76,90 7662 76.34 76.00 74.78 74.60
77.22 76.93 76.64 76.36 76.07 76.78 76.49 76.20 74.92 74.63 74.34 74.06
76.84 76.54 76.24 76.96 76.66 76.36 7606 74,76 74.47 74.17 73.87 73.66
7642 76.12 76.81 76.6i 76.20 74.9(7 74.69 74.29 73.98 73.66 73.37 73.00
76.98 76.M 76.36 7603 74.72 74.40 74.09 73.77 73.48 7314 1283 7261
76.60 76.17 74.86 74.62 74.20 73.87 73.66 ?322 7289 72.67 7224 71.92
74.98 74.64 74.31 73.97 73.63 7329 72.96 7262 72.26 7! .95 71.61 71.27
74.42 74,07 73.72 73.37 73.02 72.67 7232 71.97 71.62 71 .2? 70.92 70.67
73.80 73.44 73.07 72.71 72.36 71.98 71.62 ‘7! .26 70.69 70.63 7011 69.60
73. I 3 72,76 72,37 71.9’9 71.61 71.24 70.86 70,48 70.10 6972 69.34 68 .s?0
72.39 71.99 71.50 71.20 70.13i 70.4 i 70.02 69.62 69.23 6M3 6f144 6a.04
71.67 7115 70.74 70.33 69.92 6!).60 G!l.o!l G668 G&z(i 67.85 67.44 6707
70,66 70 ?2 69.79 69.36 66.92 6849 68.00 6767 6?.1 s G6.76 66.32 66.89
6!4.84 69.18 6a.73 6a.2: 67.62 67.36 66.90 66.4b 66.9? 6656 6608 64 6Z
66.60 66.02 67.63 67,0E IM.6’? 660!7 66.6; 65.i 3 646C 64.!6 6364 63 2C’
67.20 6069 r%18 66.6? 66.16 64.66 a4i4 63.6!! 63.12 62.G: 62.10 61 69
65.72 66.18 6-4.63 (5409 63.65 63.00 6246 6! .92 61,3” 608? 6029 %976
64.0: 63.43 62.6E 62.2’: 6t .69 (31.10 64Lb2 69.94 69.36 6G.’riJ 66.20 6?.62

7775
77.61
77.26
7!3 !39
76,7!
76,4i
7G.I O
76.77
76.4’2
7604
74 .J-&4
74.22
73.77
73.2a
7276
72.20
71.69
70.93
70.22
6!+.44
6i%6!J
6? .6&
M .6 ‘
6546
fj~b:

6272
6i .OF
59.?0
67 !Y

77,63
77,29
7703
7G.70
76.47
76.17
7686
76.FII
76.16
74,78
74.37
7394
7348
72.98
7246
7! .88
71.26
70.00
69.87
69.08
66.21
67.25
6G m
6602
637.
6224
60.67
68 m
6046

16.W: 0.00 3.3$ at .6: 62.02 61 .3!) 60.77 60.14 69.62 lw.m 68.26 67.64 67.0!—-.—.. - .—— ——— 66.3: 66.76 66,14 64.6i 63A%



COMBUSTION EI?I?ICHCNCY TABLE FOR NATUIW GAS

Properties of Natural Gas:

Molecular Weight: 16.7 ,bm’~ole

Specific Heat: 0.487 ~

Enthalpy of Formation: -2537 ~

Higher Heating Value: 21869.0 ~

1“””””
........ ..:::::::::..,:.,:,.:.,;,

O(W
0.60
1 .X3
I .60
2.00
260
9s)0
9.60
4.00
4.60
6.00
6.60
8.00
6.60
700
7.60
800
8.66
9.00
9.66

10.00
10.66
11.00
11.60
12.00
12.60
19.00
13.60
14.00
li.60
16.00

003 11.87 66.13
000
0.00
000
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
000
0.(!43
0.00
O.MI
O.m
0.00
0.00
0.00
0.00
0.00
O.w
000
0.00
0.00
0.00
000
0.00
0.00
0.00

11.69 87.91
11.30 87.70
11.02 87.48
10.74 87.243
10.46 8704
I 0.17 86.83

9.89 6861
9.61 8639
9.93 841 ?
9.04 86.943
876 86.74
8.48 86.62
8.20 85.30
7.91 8609
7.63 84s7
7.96 84.65
7.07 84.43
6.78 84.22
6.60 84043
6.22 83.713
6.94 83.643
6.66 83.345
6.37 83.19
6.09 82.91
4.81 82.69
4.62 82.48
4.24 82.?s
3.26 8204
3.68 81 B2
332 81.61

O.co O.w
000 2.16
0.00 4.41
0.00 6.87
0.04 9.40
0.00 12.07
0.00 I 4.89
0.00 17.86
O.w 21.01
0.00 24.36
0.00 27.91
0.00 31.69
0.00 36.72
O.w 40.03
000 44.66
O,(MI 49.61
0.00 64.96
0.00 60.72
0.00 68.97
0.00 73.76
O.w 81.17
0.00 89.28
0.00 98.21
0.00 108.07
0.00 119.03
0.00 131.27
O.W 146.06
0.00 160.66
0.00 176.49
Om 199.07
0.00 223.07

COMI3USTION EFFICIENCY
(Efficiencies are listed by /lue gas temperature less surrounding temperature, oF)

590 600 610 620 630 640 6G0 660 670 680 690 700 710 72(I

77.66 77.34 77.12 76.91 76.69 76.48 76.27 76.0S 7&84 76.62 76.41 76.20 74.98 74.77
77.31 77.09 76.68 76.68 76.44 76.22 76.01 76.79 76.67 76.36 76.13 74.92 7470 74.48
77.06 76.84 76.62 76.40 76.1 ? 76.96 76.73 76.61 76.22 76.06 74.84 74.62 74,40 74,18
76.80 76.66 76.36 76.12 76.90 76.67 76.44 76.22 74.69 74.76 74.64 74.31 74.08 73.66
76.63 76.29 76.06 76.83 76.60 76.37 76.14 74.91 74.68 7446 74.21 73.98 73.76 7.7.62
76.24 76.W 76.76 76.63 76.29 76.06 74.82 74.6a 74.36 74.11 73.87 73.6.4 73.40 73.17
76.93 76.69 76.46 76.21 74.96 74.72 74.48 74.24 74.00 73.76 73.62 73.27 73.03 72.79
76.60 76.36 76.11 74.36 74.62 74.37 74.12 73.68 73.63 73.38 73.14 72.89 72.64 72.40
76.26 76.01 74.76 74.60 74.26 74 .W 73.76 73.49 73.24 72.99 72.74 72.48 72.23 71.98
14.90 74.64 7438 74.12 73.86 73.60 7336 73.09 72.63 72.67 72.31 72.05 71.79 71,63
74.61 74.25 73.98 73.72 73.46 73.18 72.92 72.66 72,39 72.12 71.60 71.69 71.33 71.00
74.10 73.63 73.66 73 WI 73.01 72.74 72.47 72.19 71.92 71.66 71.38 71.10 70.83 70.66
73.66 73..38 73.10 7282 72.54 72.20 71.98 71.70 71.42 71.14 70s6 70.68 70.30 70.02
73.19 72.90 72.62 72.33 72.04 71.76 71.47 71.18 70.89 70.60 70.31 70.03 69.74 69.46
72.69 72.39 72.10 71.80 71.60 71.21 70.91 70.62 70.32 70.02 69.73 69.43 69.13 61164
72.16 71.84 71.64 71.23 70.93 70.62 70.32 70.01 69.71 69.40 69.09 68.79 88.48 68.18
71.67 71.26 70.94 70.62 70.31 69.99 69.88 69.38 69.06 88.73 86.41 66.10 67.78 67.47

70.94 70.61 70.29 69.96 69.64 6!4.31 68.28 68.68 88.33 86.01 67.86 67.36 67.03 &3.70
70.2fl 69.92 69.68 69.26 68.91 68.67 86.23 67.60 67<66 67.22 86.89 68.66 68.21 65.67

69.62 69.17 66.62 6&47 68.12 67.77 67.42 67.07 66.72 86.37 86.02 66.67 66.32 64.97
68.71 68.36 67.92 67.62 67.26 60.69 66.63 68.17 86.80 86.44 66.06 84.71 84.36 63.92
67.83 67.46 67.07 66.69 66.32 66.94 66.68 66.18 84.W 84.42 64.04 63.67 63.29 62.91
66.86 66.46 66.07 66.67 66.2a 84.88 64.49 84.09 83.70 63.30 62.91 62.61 62.12 61.72

66.78 66.37 64.96 64.64 64.l!i 63.72 63.30 62.82 62.4B 62.07 61.66 61.24 60.83 60.41

64.69 64.16 63.72 63.22 62B8 62.42 61.99 61.66 61.12 60.69 80.26 6982 69.39 68.90

63.26 62.64) 62.36 61.89 61.43 60.98 80.62 60.07 69.61 69.16 56.70 68.24 67.79 67.33

61.76 61.26 60.60 LW.31 69.83 69.36 68.67 66.39 67.91 67.43 68.94 66.46 66.26 66.60
60.08 69.66 69.04 68.63 68.02 67.61 67.W 66.49 66.96 66.47 64.W3 64.46 63.94 63.43

68.12 67.67 67.03 68.49 66.94 66.40 64.88 64.32 63.77 63.23 62.69 62.14 61.30 61.08

66.86 66.30 64.71 64.13 63.66 62.97 62.32 61 El 61.23 60.66 60.07 49.49 46.60 48.32

69.26 62.64 6201 61.39 60.76 60.14 49.61 46.89 48.28 47.84 47.01 4639 46.76 46.14



COMBUSTION IN’I?lCIIINCY TABLE FOR

Properties of Natura[ Gas:

Molecular Weight: 16.7 ,bm’~o,e

Specific IIeat: 0.487 ~

Enthalpy of Formation: -2537 ~

.. :,..,,.,.,,,,,:,::;.~,,.,:.. ... .
Dry Products of Combustion .,::::::,,:,:;

,,...,:,..,:::,:,.,,,,.,,...,:,,
%

%02 %Co %C02 %Nl %s0, E;;*

Higher Heating Value: 21869.0 ~

COMI3USTIONEFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, oF)

170 180 190 200 210 220 230 240 260 260 270 280 290 30~

0.06
0.66
1.06
166
200
266
9.00
3.60
4 .Sm
4.60
660
6.60
600
6.60
7.al
7.60
8.00
8.66
900
9.60

10.00
I 0.66
11.00
11.60
12.00
1260
1900
1366
14.00
14.60
16.00

0,10
0.10
0.10
0.10
0.10
0.10
0.10
010
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
OJO

11.79
11.61
11.23
10.94
10.66
10..38
10IO

9.81
9.63
9.26
8.97
868
8.40
812
7.84
7.65
727
6.99
6.71
6.42
6.14
6.86
6.66
6.29
501
4.73
446
4.16
3.88
9.60

66.11
87.89
87.61
87.46
87.24
87.02
86.80
8669
8637
86.16
8693
86.72
8S.60
86.28
86.06
64.86
84.63
84.41
84.19
6398
83.76
6364
63.92
63.11
82.89
82.67
82.45
82.24
82.02
81 BO

0.00
060
0.00
000
000
000
000
0.00
000
0.06
0.00
0.00
0.00
000
0.60
0.00
0.00
0.00
0.00
Oal
0.00
0.60
0.00
0.60
000
0.00
0.00
000
0.00
000

-0.21
1.96
4.23
6.63
9.16

11.66
1461
17.67
20.70
24.03
27.66
31.32
36.33
39.62
44.21
49.14
64.44
60.17
66.3a
73.12
60.47
66.62
972a

107.16
118.01
130.14
143.78
169.22
176.66
197.19

O.m 220a8

66.40
68.s3
66.26
66,17
66,09
%.60
8s.91
86.61
86,71
86.60
06.48
8636
86.23
86.o8
84.93
64,77
64,69
84.41
6420
83,98
83.74
83.47
83.18
82.66
82.66
82.10
81.66
61.14
60.66
79.68
79.10

Ek3.18
86.11
86.03
85.96
86,86
86.77
86.67
86.68
86.46
8K.34
85.22
86.09
64.96
84.30
84,64
64.47
64.26
84.06
83 .IIO
83.63
83.37
83.09
82.78
82.44
82.07
81.64
81.17
80.63
60.02
79.31
78.48

86.97
86.89
86,81
RK.72
8!563
86.63
8643
86.32
8626
85.08
84.96
84.81
84.67
8461
84.34
84,16
83.97
83.76
83.63
63.28
83.01
82.72
82.39
82.03
81.63
61.19
80.69
60.12
79.48
78.73
77.66

86.76
86.67
86.69
86.49
R6.40
85.2!3
8619
86.07
84.96
84.82
84.69
64.64
64.39
64.22
64.05
83.86
83 G6
83.43
83.19
82.93
82.66
8234
82.00
81.62
8120
60.73
86.21
79.61
78.94
78.16
7724

86.64 86.33 86.12 6466 84.69
86.46
8636
$627
8617
8500
84.96
M63
84.70
0467
!34.42
6&27
84.11
83.94
83.75
83.56
e334
(vl.i 1
82.66
82.66
82.29
81.96
81.60
81.21
80.77
60.28
79.73
79.11
78.40
77.67
76.62

86.24
86.14
8&04
84.94
84.82
84.71
R4 .66
84.46
84.31
84.16
6400
83.83
83.66
83.46
83.26
83.02
82.76
82.62
8223
81.92
81.63
61.21
80.80
60.34
79.83
79.26
78.66
771)6
7700
76.00

66.01
84.92
84.82
84.70
84.69
84.46
84.33
8420
84.06
83.80
83.73
83.66
83..30
83.16
82.94
82.71
82.46
82,18
81.89
81.66
81.21
60.82
60.39
79.91
7937
78.77
78.09
77.32
76.42
7626

84 m
6470
64.69
84.47
64.36
84.22
84.39
83.94
83.79
83.63
8346
83.27
83.08
82.66
82.(M
82.39
82.13
81.86
81.64
8120
80.83
60.42
79.97
79.48
78.92
78.29
77.66
76.78
76.64
74.76

64.69
64.48
84..30
64.24
84.12
83.98
83.64
83.69
83.63
83..36
83.18
82.99
82.79
82.67
82.33
82.08
81.61
81.61
81.19
60.84
80.46
60.03
78.68
79.04
78.47
77.81
77.06
76.24
76.26
74.13

64.48
84.37
84.28
84.14
64.01
83.88
83.74
83.69
83.44
83.27
63.10
82.!41
82.71
82.60
82.27
62.03
81.77
81.48
81 J 7
60.84
tk3.46
80.08
79.64
79.16
78.61
78.01
77.34
76.67
76.70
74.69
73.61

64.26 84.06
84.15
64.03
83.91
83.78
83.66
83.60
83.36
83.19
63.02
82.83
82.64
82.43
82.21
8198
81.72
01.46
81.16
80.64
80.49
ml 1
79.70
79.24
78.74
76.16
77.66
76.%
76.06
76.16
74.11
‘12B9

83.93
8381
83.69
83.66
8341
83.20
83.10
8294
82.76
62.67
#?237
82.16
81.93
81 .4’M3
8! .42
81.14
80.83
60.60
60.14
79.76
79.32
78.86
78.33
77.76
77.10
76.38
76,66
74.62
73.63
72.27

83.84
83.72
83.69
8348
8332
83.17
83.02
82.86
82.66
8260
82.31
82.!0
81.88
81.64
8! .39
81.12
8082
60.61
80.17
79.79
79.39
78.94
78.46
77.92
71.32
7666
76.90
76.06
74.08
72.96
71.65

83.63
8360
8337
83,2fl
83 m
82%4
R2.7fl
8261
8243
8224
82.04
81 Xl
81.60
81.36
81 .O!I
60.8!
60.61
60.1 n
79.83
79.46
79.03
78.67
7800
77.61
7689
76.20
7642
74.64
73.64
72.38
71.03



COMBUSTION EFFICIENCY

Properties of Natural Gas:

Molecular Weight: 16.7 ,bm’~ole

Specific lIeat: 0.487 ~

Enthalpy of Formation: -2637 ~

nnv r

TABLE FOR NATURAL GAS

Higher heating Value: 21869.0 ~

COMLIUSI’ION EFFICIENCY

0.60
1.00
I .60
2.66
2.60
9s)6
8.60
4.06
4.66
&.fm
6.60
8.00
6.60
7.00
7.60
8.66
8.66
9.00
9.66

10.66
10.66
11.00
11.60
12.00
12.66
13.66
19.60
14.00
14.60

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.! o
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

16.00 0.1o

11.61 87.89
11.23 87.67
10.94 87.40
I o.rv3 87.24
10.38 87.02
10.IO 86.60

9.81 86.69
9.69 66.97
9.26 84.16
8.97 86.99
8.88 86.72
8.40 86.60
8.12 85.28
7.84 66.08
7.66 84.86
7.27 84.63
6.22 34.41
6.71 84.19
6.42 83.96
6.14 63.76
6.66 83.64
6.68 89.92
6.W 63.11
6.01 82.89
4.73 82.67
4.46 62.46
4.16 82.24
9.68 82.02
s.Go 81.60
a92 81 M

0.00 ) M
0.06 4.23
0.00 6,63
0.00 9.16
0.00 11.80
0.00 14.61
0.00 17.67
0.00 20.70
0.00 24.03
0.06 27.68
0.00 31.32
0.00 96.33
0.00 99.62
0.00 44.21
0.00 49.14
0.00 64.44
0.00 80.17
0.00 86.26
0.00 73.12
0.00 80.47
0.00 88.62
0.00 97.33
0.00 107.16
0.00 118.01
O.al 130.14
0.00 143.76
0.00 )69.22
0.00 176.8G
0.00 197.19
0.00 226.88

(Efficiencies are listed by flue gas temperature less surrounding temperature, ‘i!)

310 320 330 340 350 3G0 370 380 390 400 410 420 430 44~

—
83.41 83.20 82.98 62.77 8260 82.34 81.49 61.27 81.06 80.86 60.63
63.28 a?.oa 82.86 82.63 82.41 82.19 81.98 81.76 61.64 81.32 81.11 80,89 80.67 80.46
83.16 62.93 82.70 62.48 62.26 6204 81.82 81.30 81.97 81.16 86.93 80.71 80.49 86.27
83.01 62.78 82.56 82.33 82.10 81.88 81.66 81.42 81.20 80.97 L!J3.76 80.62 IW29 80.07
6286 82.63 62.40 82.17 81.94 RI .71 81.47 RI .24 t)i .01 80.78 80.66 80.32 80.69 79.86
82.70 82.47 82.23 82.00 ill .76 81.62 81.29 81.06 60.82 m.66 80.36 80.11 79.86 79.64
82.64 82.30 82.00 81.82 81.67 81.33 81.09 86.86 So.Gi 80.37 60.13 79.89 79.66 79.41
62.36 82.12 81.67 8i .62 81.38 81.13 80.89 60.64 80.39 60.16 79.90 79.66 79.41 7916
82.16 81.93 81 .@6 81.42 81.17 80.92 8067 80.42 8616 7991 79.68 79,41 79.16 7860
81.98 81.73 81.47 81.21 8096 80.69 6C.43 80.18 79.92 79.68 79.40 79.14 78.89 16 G3
81.78 81.61 81.26 80.96 80.72 80.46 80.19 79.92 7968 79.39 79.13 78.86 78.80 78.34
81.66 81.28 51.01 86.74 6047 80.20 79.93 79.66 79.38 99.11 78.84 78.67 78.30 78.02

81.32 81.04 80.76 66.48 8020 7992 7964 7937 79.06 78.81 7863 78.26 77.97 77.69

61.07 60.78 80.49 60.21 79.92 79.63 79.36 79.66 78.77 78.48 78.20 77.91 77.62 77.34

60.80 80.66 8021 79.91 19.62 7932 79.02 78.13 78.43 78.14 77.84 77.66 77.26 76.90
60.61 86.20 79.90 79.69 79.29 78.98 78.G8 78.38 78.07 17.77 77.46 77.16 76.86 76.66

80.19 7988 79.67 79.26 78.94 78.G2 78.31 78.00 77.641 77.37 17.06 76.74 76.42 76.11

79.66 79.63 79.21 78.88 78.66 78.23 77.91 77.68 77.26 76.93 76.61 76.28 75.96 76.64

79.49 79.16 78.82 78.48 78.16 77.81 77.48 77.14 76.80 76.47 76. I 3 76.79 76.46 76.12
79.10 78.76 78.40 78.05 77.’70 17.35 77s)0 76.643 76.31 76.90 7661 76.28 74.91 74.65
78.88 78.30 77.94 77.66 77.21 76.86 76.49 76.13 76.77 76.40 76.04 74 .34! 74.32 73.96
78.19 77.81 77.44 77.06 76,G8 76.30 76.93 76.66 76.17 74.80 74.42 74.04 73.67 7322
77,67 77.26 76.86 76.49 76.10 76.70 76.31 74.92 74.62 741s 73.74 73.34 72.96 72.66

77.09 76.G8 76.27 76.88 76.46 75.04 74.53 74.21 73.60 73.39 72.98 72.67 72.16 71.76

76.46 76.02 76.69 76.16 74.73 74.30 73.87 73,44 73.60 72.67 72S 4 71.71 71.28 70.66

76.74 7b.22 74.83 74.18 73.93 73.47 73.02 72.67 72.11 71.66 71.26 70.76 70.30 69.84
74.94 74.46 73.98 73.66 7302 72.56 72.07 71.69 71.11 70.63 70.16 69.67 69.19 68.71
74.03 73.62 73.02 72.61 72.00 71.49 70.99 70.48 69.97 69.47 Gt.96 66.46 67.94 67.44
73.60 72,46 71.92 71.38 70.84 70.30 69.76 59.23 G8.68 88.14 67.S0 6708 68.52 G6.98
71.80 7122 70.84 70.07 69.49 88.91 08.33 67.76 67.18 68.60 88.02 66.46 6487 64.29
70.41 69.79 69.16 68M 67.92 67.30 60.68 66.06 86.44 64.82 64.19 63.67 62.96 62.33



C(.)MBUSIlON EFFICIENCY TMILE FO1?. NATUIW GAS

[’ropert ies of Naturai Ga9:

Molecular Weight: 16.7 ,bm]~ole

Specific Ileat: 0.487 ~~

Enthalpy of Formation: -2637 ~

Dmlr
Higher IIeating Value: 21869.0 ~

0.00
()60
160
1 .flo
200
266
960
960
4 .0)
460
6.00
560
6.00
6617
7.00
760
8.00
6.60
9.00
960

1000
106G
1100
1I .60
1200
126C
130@
13. W
i40c
1464

0.10 i} .79 66.1!
0.10
010
0.10
010
0.10
010
0.10
Oio
010
Olc
010
0.10
0.10
010
010
o,l@
0.10
0.16
0.10
0.1 c1
0.10
0.1 Q
0.16
Dlr
olc
01(
0.} 0
~i~

~~(

i !).06 0.1:..— —.. _

41.6! 87.89
11.23 67.67
10.94 67.46
10G6 87.24
10.36 8? .02
10.10 86.80

9.81 6f.69
9.63 66.37
926 fwls
6.97 86.93
863 86.72
8.40 8.5.6!3
8.12 66.26
7.64 86.06
7.66 84.65
7.27 64.63
6.99 84.41
6.7$ 84.19
64’2 83.93
6.14 83.7C
666 83.64
&.6f? 83.32
6.2!3 83.!!
6.0: 82 .8%

4.7: W6?
445 82.45
4)6 !?2 24

9.6R 82.0:

3 M lli Ax

004J .0.21
Ocm i .40
000 4.23
Oom 6.63
000 9.16
0.00 11.66
0.00 14.61
Osm 11.67
000 20.70
000 24.03
000 27.66
000 31.32
0.00 3633
006 39.62
000 4421
Ooc 49.14
O.OQ M.44
000 60,17
0.00 66.93
000 73.12
000 60.47
0.00 68.62
O(XJ 97.36
000 10716
000 1s8.01
Oim }30.14
0,00 143.78

000 169.22
coo 176.86
O.(K 197.19

w% 81 .6L 0.00 22ME

COMI.IUSTIONEFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, 010

460 460 470 480 490 500 610 520 630 640 660 660 670 580

60.42 80.21 79.99 79.78 79.67 79.36 7914 78.93 78.7i 78.60 78.29 78.07 17.66 77.6E
80.24 60.02 79.60 79.6a 79.37 79.16 18.83 78.72 78.60 78.28 7806 77.85 77.63 77.41
66.04 79.82 7960 7936 79.16 78.94 78.71 78.49 78.27 78.06 77.83 77.G1 77.3R 77.18
79.64 79.62 79.39 7916 78.94 78.71 78.49 78.26 78.03 77.81 77.66 77.30 77.13 7690
79.63 79.40 79.17 78.94 78.71 78.46 78.24 76.01 77.78 77 .6Ci 77.32 77.09 76.86 7663
79.40 79.17 78.93 7870 78.46 78.23 77.99 77.76 77.62 77.26 77.05 76.81 76.68 76.34
79.17 78.93 78.69 78.44 78.20 77.%3 77.72 77.48 77.24 77!30 76.76 76.52 76.28’ 76.04
78.92 78.67 78.42 78.18 77.93 77.68 77.44 ?7.19 76.96 76.70 76.46 7621 76.96 71i.7i
78.66 78,40 78.16 77.89 77.64 77.3g 77.14 76.99 76.63 76.36 76.19 76.66 76.63 75.s7
78.37 76.11 77.86 77.69 77.34 77.08 76.82 7666 76.30 76.06 75.79 76.63 76.27 7rl.ol
78.07 77.81 77,64 77 ‘w 7701 7G 76 7648 76.22 76.96 7669 76.42 76.10 74.8!3 74 G3
77.76 77.48 77.21 7G.94 76.G7 7G.3!l 7G12 76.86 76.66 76.31 76.04 74.7(3 74 4!I 74.22
77.41 77.13 7G.U6 76.b6 7G 30 76.02 76.74 76.46 76.18 74.90 74 .G2 74.34 74,00 73.79
77.06 76.76 76.48 7619 76.00 76.62 7533 76.04 74.76 7447 74.18 73.89 7361 73.32
76S% 76.37 76.07 76.78 76.48 76.1 e 74.89 74.69 7430 74 .Jo 73.7i 73.41 73.12 72.82
76.24 76.94 76.64 76.33 76.03 74.72 74.42 74.11 7381 73.60 7320 7290 72.6!l 72.2f3
76.80 76.48 75.17 74.86 74.64 74.22 73.91 73.60 73.2a 72.97 72.66 72.34 72.02 71.71
76.3i 74.9s 74S)6 74.34 74.o1 73.69 73.36 73.04 72.71 72.39 72.06 71.74 ?! 4? 71 .W
74.79 74.4b 7411 73.75 ‘7344 73.10 72.77 7243 72.10 71.76 7i .42 71.39 70.76 7041
74.21 73.8? 73.62 73i7 72.62 72.47 72.12 7i.77 71.43 71 .X3 70.73 70..38 70.03 69.(MI
73.69 73.23 7287 ’7261 72.14 71.78 7142 71 .M 7069 70.33 69.97 69.6 k 69.25 6688
72.91 72.53 72.16 7170 71.40 7 I .03 7066 70.2? 69.89 69.62 69!4 6676 68.39 ~ ~?

72,16 71.77 71.,38 7098 70.69 70.}9 69.80 694? 69.oi 68.62 68.23 67.433 6744 67.06
7i .33 709’2 7051 7010 69.69 G926 66.87 6845 6a 04 67.63 6?.22 am! (W40 66.99
7642 69.9F 69.56 6912 6869 68.26 6783 6?.39 66 .9?3 66.6: ~,~~ 656” 652. 64.81
69.39 GK93 6t.4it 660? 67.67 67.12 6f,fj? 66.2: 66.7G 66.W 64.86 6-4.40 63.94 !33 4$
6823 67.16 6?.28 6680 W.3Z 65.84 6fi36 6458 6440 639? 63.44 62.97 624S 62.0 ‘
66.9s 66.42 6FI.9! 664i 64% 64 .3~ 63 W 63.3f 62.8? 62.36 6! .8F 6i .3b w S* 6032
6646 64.90 64.36 6382 63.20 62.74 622fJ 61.66 61.12 60.66 LWo+ 69.6C 68%’ M42
63.7! 63.14 62.66 61.98 61.40 6063 60.26 b~ 67 69.09 58.62 67.94 67.3t! 66 ?!! 66.2!
6i .71 61 .0S 60.4? 59B6 69.23 66.(% 67.98 67.36 66.74 66.12 66.6S 648$ 64.20 63.63 ;.- —— --



COMBUSTION EFFICIENCY

Properties of Natural Gas:

Molecular Weight: 16.7 ,bm’~o,e

Specific Heat: 0.487 ~

Enthalpy of Formation: -2637 ~

mm r
IIigher IIeating Value: 21869.0 ~

k I
-0.21

010
0.10

360
400
460
600
560
600
660
700
760
8.00
8.60
900
9.60

10.00
10.60
11.00
11.66
12.00
12.Ea
1900
19.66
1400
14.60

0.10
010
910
010
010
0.10
010
010
010
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
010
0.10

11.51 87.89
11.23 87.67
I 0.94 87.46
I 0.66 87.24
I 0.38 87.02
Iolo 6680
9.8k 66.69
96$ 84137
9.2K %.1 6
897 86.93
8.68 8672
8.40 86.60
812 8(I2II
7.84 86 W
7.66 84.86
7.27 84.63
6.99 84.41
8.71 84.19
6.42 89.98
6.14 83.78
6.66 83.64
5.68 83.32
6.29 83.11
6.01 82.89
4.79 82.67
4.46 82.46
4.16 82.24
9.88 82.02
9.e41 81.80

1600 0.10 9.32 81.68

000 1.%
0.00 423
000 6.63
ON 9.16
0.00 11.60
0043 14.61
0.00 1767
000 20.70
000 2403
owl 2756
000 31.32
000 36.33
000 3962
000 44.21
0.00 49,14
0.00 64.44
000 L3ql7
004) 8033
0.00 73.12
O(MJ 80.47
0.00 88.62
000 9738
0.00 107.16
0.00 118.01
0.00 136.14
0.00 143.78
000 16922
0.00 17686
0.00 197.19
000 220.88

TABLE FOR NATUl~ GAS

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, oF)

690 600 610 620 630 640 660 660 6’70 600 G90 700 710 720

77.43 7’7.22 77.01 76.79 76.68 76.97 76.16 76.94 76.72 76.6! 76.30 76.08 74.87 74s36
77.19 76.98 76.76 76.64 76.32 76.11 7K.89 7667 76.46 76.24 76.02 74.80 74.68 74.37
76.94 76.72 76.50 76.28 76.06 76.83 7661 76.39 76.17 74.96 74.72 74 J%) 7428 74 .ffi
76.66 76.46 76.22 7600 76.77 76.66 7632 76.09 74.87 74.64 74.42 74.19 73.96 73.74
76,40 76.17 76.94 76.7i 76.48 76.24 76.01 74.78 74.65 74.32 74.09 73.86 7363 73.40
76.11 76.87 76.63 76.40 76.16 74.93 74.69 74.46 74.22 73.98 7376 73.61 7320 7304
76.80 76.6fi 76.31 7607 7483 74.69 74.35 74.11 73.87 73.63 73.39 73.1 E 72.9! 7267
76,47 76.22 74.98 74.73 74,48 74.24 73.99 7374 73.60 ‘?3.26 73.01 72.76 72.51 72.27
76.12 74.87 7462 74.37 74.11 7366 7361 73.36 73.11 72.86 7260 72.36 72.10 71.86
74.76 74.50 7424 7398 7372 73.46 73.21 7296 72.69 7243 72.17 71.92 ‘7) .s% 71.40
74.36 74.10 73.84 73.67 73.31 73,04 7278 72.61 72.26 ’71.98 71.72 71.46 71.19 70.92
73.96 73.68 7341 7313 72.80 7269 72.32 72.06 71.78 71 .!$1 71.23 70.96 70.G9 7042
73.61 73.23 72.96 7267 72.39 72.1 i 71.83 71.66 71.27 71.60 70.72 70,44 70.16 6966
73.03 72.76 7246 72.17 71.89 71.60 71.31 71.03 70.74 70.46 70.16 6986 69.69 69.30
72.63 72.23 71.94 71.34 71.34 71.06 70.76 70.46 70.16 69.87 69,67 69.26 68.98 6869
7i .98 71.68 71.37 71.07 70.76 70.46 70.16 69.86 69.66 69.24 86.94 elL63 68.33 68.02
?l .40 71.08 70.77 70.46 70.14 69.82 69.61 69.26 68.88 66.67 8626 67.94 67.62 67.31
70.76 70.44 70.1 I 69.79 69.4Ll 69.14 6681 68.49 88.16 67.84 67.61 67.19 66.87 66.64
70.08 69.74 69.41 69.01 68.73 68.40 66S36 67.72 67.39 67.06 EA3.71 60.38 66.04 66.71
69.33 68.98 68.64 68.29 67.94 67.69 67.24 66.89 66.64 66.19 66.86 66.60 66.16 64.80
68.62 66.16 67.80 67.43 67.07 66.71 66.36 66.98 66.62 66.26 84.60 64.M 64.17 63.61
67.63 67.26 as.ea 66.60 66.12 66.76 66.37 64 .W 84.61 64.24 63.68 63.48 63.1 ! 62.73
66.66 66.26 66.87 66.47 66.08 64.69 84.29 6394) 63.61 63.11 62.72 62.33 61.93 61.64
66.67 66.16 64.76 64.34 63.93 63.62 63.11 62.69 62.28 61.87 61.46 61.06 6064 60.23
64.37 W.9.4 63.61 63.08 62.66 62.22 61.79 61.36 66.92 6C49 60.06 6!4.63 69.20

63.03 62.68 62.13 61,67 61.22 66.77 66.31 69.86
68.77

69.40 68.96 68.60 68.04 67.69 67.13
61.63 61.06 6067 60.09 69.61 69.13 66.66 68.16 67.70 67.22 6C74 68.28 66.78 66.30

69.82 69.32 68.81 68.30 67.79 67.29 66.78 66.27 66.76 66.26 64.’76 64.24 6373 63.23

6788 67.34 6680 64.26 66.72 66.18 64.64 64.10 63.66 63.02 62.48 61.94 6140 60.86

66.63 66.06 64.48 63.90 63.32 62.74 62.17 61.69 61.01 66.43 49R6 49.26 4870 4812

63.01 62.39 61.77 61J6 60.63 49.91 49.29 46.87 46.04 47.42 46.80 46.16 46.68 44.94



COMBUSTION EFFICIENCY TABLE FOR NATURAL GAS

Properties of Natural Gas:

Molecular Weight: 16.7 ~bm]~ole

Specific I[eat 0.487 ~

Enthalpy of Formation: -2637 ~

Higher Heating Value: 21869.0 ~

006
0.60
1 .s)0

160
200
260
3.00
3.60
400
460
600
660
600
6.60
7.00
7.60
8.00
8.60
900
9.60

1000
1060
11.00
1160
12.00
1260
19.00
I 3.60
1400
14.60
16.00

0.60
0.60
0s$0
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0s$0
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

11.48 88.02
1120 87.60
1092 87.58
10.63 87.37
10.36 87.15
10.07 66.93

9.79 66.71
9.60 86.60
9.22 i!4i.28
8.94 Moo
868 86.84
8.37 85.63
8.09 85.41
7.81 65.19
7.63 64.97
7.24 84.76
6.98 64.64
6.66 84.32
6.40 84.10
6.11 M.89
6.83 83.67
6.65 83.46
6.27 83.23
4.98 83.02
4.70 82.60
4.42 .92.68
4.14 82.38
9.86 E2.16
9.67 81.93
3.!29 81.71
8.01 81.49

0.00 -1.06
0.00 1.08
0.60 3.32
0.00 6.67
000 8.14
0.00 10.76
0.00 13.60
000 16.40
000 19.47
0.00 22.73
0.00 %.19
0.00 29.87
0.00 33.79
0.00 97.98
0.00 42.46
000 47.27
0.00 62.44
0.00 68.02
0.00 64.06
000 70.61
000 77.74
000 86.66
0.00 94.12
O.ca 103.67
0.00 114.05
0.06 126.73
000 13883
0.00 163.64
0.00 170.60
O.txl 189.88
0.00 21237

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, oF)

170 180 190 200 210 220 230 240 250 260 270 280 290 300

85.87 86.66 86.44 86.23 86.02 84.81 84.60 84.36 84.17 n3.e6 83.76 83.64 63.33 83.11
86.78 f4F1.67 86.36 8fi.14 84.92 84 II 84.49 84.27 84.06 83.84 83.63 83.41 8319 82.98
86.70 f4ii.48 85.26 85.04 84.82 84.30 84.38 84.16 83.94 8372 83.60 83.28 8308 6284
85.60 85..38 86.16 84.93 84.71 84.48 84.26 64.03 83.81 83.69 83.36 83.14 82.91 82.69
85.61 86.28 86.06 84.82 8469 84.36 84.13 63.90 63.68 63,46 83.22 82.99 82.78 62.63
86.40 86.17 8494 84.70 84.47 84.24 84.30 83.77 83.63 83.30 83.07 82.83 82.60 82.37
85.30 8506 84.82 84.68 84.34 8410 B3.R8 83.63 83.39 03.16 82 !31 62.67 62.43 62.19
66.18 84.94 84 .G9 64.46 84.21 83.98 83.72 83.47 83.23 ez.w 82.74 82.60 82.26 82.01

66.06 84.81 84.66 t14.31 84 .Xi 83.61 83.66 83.31 63.08 82.81 82.68 82.31 82.08 81.81
84.93 84 .r~ 84.42 f14.17 83.!)1 8366 83.40 83.14 62.69 6263 82.36 82. I 2 81.86 BI .61

64.80 84.64 84.27 64.01 83.76 83.49 88.22 B2.96 82.70 8244 82. I 8 81.91 81.66 81.39
34.66 84.38 84.11 83.86 83.68 63.31 83.04 82.77 82.60 82.23 81.96 81.69 8143 61.16
84.60 84.22 83.96 R3.67 R339 83.12 R2.84 82.67 82.29 82.01 81.74 BI .46 !31.18 80.9i

84.33 84.06 63.77 63.48 83.20 82.91 82.63 82.36 82.06 BI .78 61.60 81.21 3093 RO.U4

84.16 8387 8367 83.23 82.99 82.70 82.40 62,1 I 61.82 81.63 81.24 80.94 60 S6 80.36
83.97 83.67 63.37 83.07 82.76 8246 62.16 81.88 81.68 81.28 60.96 80.66 60.38 80.08

63.77 83,46 83.14 82.83 82.62 62.21 81 .W 81.69 81.28 80.97 80.66 80.36 80.04 79.73
83.66 83.23 82.90 82.68 82.28 81.94 81.62 01.30 80.98 80.68 8034 80.02 79.70 79.38

83.31 82.98 82.64 8231 81.98 81,66 81.32 80.98 80.66 60.32 79.9!$ 79.06 79.33 78.99

63.06 82.71 82.36 82.02 81.67 61.33 60.99 60.64 80.30 79.96 7fl.6k 79.27 78.92 78.68

82.77 82.41 62.0S 81.70 81.34 80.98 60.63 80.27 79.91 7968 79.xl 78.84 78.4tl 78.13

82.46 62.09 81.72 BI .36 80.98 80.61 80.23 79.W 79.49 ‘79.12 78.76 78.38 78.00 77.63

62.13 81.74 81.36 80.96 80.68 80.19 79.80 79.42 79.03 78,64 78.26 77.87 77.48 7709

BI .76 81.36 60.96 8064 30.14 79.73 79.X4 76.92 78.62 78.11 77.71 77.30 76.90 7649

81.34 80.!)2 80.60 80.07 79,66 79.22 7R 80 78.37 77.96 77.63 77.10 76 .J3B 76.26 7663

80.86 80.44 79.99 79.66 79.10 78.66 78.21 77.76 77.32 76.87 7643 76.98 76.64 76.6!3

80.37 79.90 79.43 78.98 78.49 78.02 77.66 77.08 76.61 76.14 76.67 76.20 74.73 74.26
79.79 19.29 76.79 78.30 77.80 77.30 76.iMJ 76.31 76JM 75.31 74.82 74.32 73.82 73.32

79.12 78.60 78.07 77.64 77.01 76.4B 76.96 76.43 74 .W) 74.37 73.84 73.31 ‘72.79 7226

78.36 77.80 77.23 76.67 76.11 76.64 74.98 74.41 73.86 73.29 72.72 7216 71.69 71.03

77.48 76.87 76.27 75.66 76.06 74.46 7386 73.24 72.83 72.03 71,42 70B2 70.21 69.61



COMBUSTION EFFICIENCY TABLE FOR NATURAL GAS

Properties of Natural Gas:

Molecular Weight: 16.7-

Specific llenti 0.487 ~

BTU
Enthalpy of Formation: -2637 ~

nm 1
Higher Heating Value: 21869.0 ~

Dq Products of Combustion

~
O.cm
0.66
1.00
1.60
260
2.56
8.00
8.64
4.66
4.66
6.2Q
6.66
6.00
6.66
706
7.60
8.60
8.60
9.60
9.60

10.W
10.50

11.00
11.60
12.00
12.56
19.00
13.60
14.60
14.50
16.00

0.66 11.48
0.66
0.66
0.66
0.50
0.60
0.50
0.66
056
0.66
0.60
0.50
0.66
0.66
0.56
0.60
0.60
0.66
0.66
0.66
0.60
0.60
0.66
0.60
0.60
0.60
0.66
0.66
0.60
0.66
0.60

11.26
10.92
10.63
10.35
10.07

9,79
9,66
9.22
8.94
8.66
8.97
809
7.61
7.63
7.24
64)6
6.8a
6.40
6.11
6.S3
6.66
6.’27
4.9e
4.70
4.42
4.14
3.86
9.67
8.22
9.01

68.02
87.6a
87.68
87.37
87.15
86.93
80.71
86.60
60.26
86.66
86.84
86.63
65.41
86.19
64.97
84.76
84.64
84.92
84.10
83.89
83.67
63.46
63.23
63.02
82.86
82.6S
82.36
82.16
81.93
81.71
61.49

0.00
0.00
O.(NJ
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.(!4
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.60
0.00
0.00
0.06
0.00
0.00
O.(M
~

0.00 -1.Ot
1al
9.3:
6.61
8.14

lo.lt
J9.6(
16.4C
10.47
22.78
26.19
29.87
xl.m
37.98
42.46
47.27
62.44
66.02
6i.06
70.61
77.74

66.66
94s2

103.67
114.06
136.73
138.83
163.64
170.66
182.86

Z

COMBUSTION Efficiency
(Efficiencies are listed by flue gas temperature less surrounding temperature, oF.)

310 320 330 340 350 360 370 380 390 400 410 420 430 440

82.90 82.69
82.76
82.62
82.46
82.36
82.13
81.96
(II .76
81.66
81.36
81.13
60.69
86.63
S0.36
60.07
79.76
79.42
79.06
78.66
78.23
77.77
77.26
76.70
76.09
76.41
74.64
73.79
72.63
71.73
70.47
69.06

82.66
82.40
02.24
82.07
81.93
81.72
i3J .62
81.31
81.10
80.66
60.62
80,36
60.08
79.78
79.46
79.11
78,73
78.33
77.89
77.41
76.69
76.32
76.68
74.98

74.20
73.32
72.33
71 .2a
69.90
68.40

82.48
82.!K3
ez.18
82.02
81.84
81.67
6J .48
81.26
81.16
80.84
60.60
60.36
60.08
79.79
79.48
79.16
78.8a
78.41
76.06
77.66
77.00
76.62
76.93
75.2a
74.66
73.76
72.66
71.63
70.67
69.34
67.79

82.27
82.11
81.96
61.79
81 .S2
81.43
81.24
81.03
80.62
80.69
80.34
800s
79.86
79.61
79.19
78.85
78.49
78.09
77.67
77.20
76.70
76.15
76.64
74.87
74.J3
73.31
72.36
71.34
70.14
66.77
67.19

82.06
81.90
81.74
61.67
81.33
81.26
81.06
60.79
86.67
60.33
EO.oa
79.8}
79.63
79.22
78.96
76.66
78.16
77.77
77.33
76.80
76.34
76.77
76.16
74.47
73.71
72.84
71.91
7olJ4
69.62
68.21

Ill .84
81.68
81.62
81.94
81.16
86.96
60.78
60.64
fM132
60.07
79.82
79.64
7926
7894
7061
78.26
77.66
77.46
77.00
76.61
76.96
76.40
74.77
74.66
73.26
72.42
71.44
70.34
69.09
67.66

66,66 66.97

81.63
81.47
81.36
8J.12
SO.93
86.73
60.52
66.36
80.07
79.62
7966
79.27
789S
76.06
78.31
77.96
77.66
77.13
76.67
76.17
76,63
76.03
74 .3s
73.66
72.66
71.97
70.97
69.84
66.56
67.66

8J .42
81.26
81.06
60.89
SO.70
60.56
60.26
eo.oe
79.62
79.60
79.29
79.01
78.70
76.37
78.02
77.66
77.24
76.81
76.34
76.83
75.2?
74.16
73.92
73.26
72.44
71.62
70.66
69.36
6s.03
66.62

66.37 64.76

8J .21
81.04
80B6
86.67
86.47
86.26
66.04
79.81
70.67
79.31
79.03
78.74
78.4!4
78.09
77.73
77.36
76.93
76.49
76.01
76.48
74.91
74 .?9
73.60
72.66
72.01
71.06
70.03
68.66
87.60
06.96

64.16

6093
80.82
6084
66.44
80.24
80.03
79.61
19.67
79.92
79.06
78.17
76.47
78.15
77.60
77.44
77.06
76,6!2
76.17
76.67
76.14
74.66
73.92
73.22
72.44
71.69
70,63
69.66
66.36
66,97
66.39
03.66

60.78
86.66
66.42
66.22
86.01
79.60
7e.67
79.32
79.07
78.79
76.6J
76.26
77.87
77.62
77.15
76.74
76.31
76.86
76.34
74.79
74.20
73.66
72.83
72.04
71.16
70.19
69.06
67B5
68.46
04.s3

80.67
86.39
86.20
So.oa
79,76
79.66
79.93
79.06
76.82
78.64
78.24
77,93
77.69
77.24
76.86
76.44
76.00
76.62
76,01
74.46
73.s4
73.17
72.44
71.63
70.74
69.74
68.62
67.36
66.92
64.20

86.36
66.17
79.36
79.77
79.65
7933
79.09
78.84
78.67
78.28
77,98
77.66
77.32
70.96
76.66
76.14
76.69
75.20
74.66
74.11
73.48
72.84
72.06
71.23
70.32
69..30
68.16

66.86
66.39
63.70

62.96 62.34 61.74

66.16
79.90
79.76
79.66
19.33
79.10
78.86
78.69
78.32
7n.03
17.72
77.39
77.04
76.67
76.27
75.#4
76.38
74 .6s
74.36
73.76
73.13
72.43
71.67
70f12
69.89
86.86
67.66
6W)6
64.10
63.13
61.13



COMBUSTION EFI+YCIEBJCY TAWll FOR/ NA’I’UitAL GAS

Properties of Naturai Gas:

Molecular Weight: 16.7 ~bm’~ole

.
Specific neat: 0.487 ~

Enthalpy of Formation: -2637 ~

Higher Heating Value: 21869.0 ~

, .....,::.:,.:::,,,.,

Uy Products of Combustion ::::~:::”;”::,:::,,..:..:.:----
%

%0, %Co %CO, WV> %s0, E:y

—- —
060 11.48 8802
060
O.KO
0.60
060
0.60
0.60
0.60
060
0.60
060
0.60
0.60
0.60
0.60
Ot%
0.60
060
0.60
060
0.60
060
0.60
3.60

060
i) &r

0.60
(Ma

0.60
0 ??2

1120 8’/.60
1092 87.68
1069 87.37
I0.36 87.1 &
10.07 8693

9.’79 88.71
9.60 86.60
922 8528
8.94 8606
8.66 8684
8.3? 86.63
8.09 8541
75[ 86.19
763 8.497

7.24 8476
696 8464
8.66 8432
640 8410
6.1 I 8389
583 8367
665 8345
5 v 8323
4.98 83.22
4.70 J?2,80

442 w 6?
4.14 823[.
36L 52!1
9.67 8! .9:
$ ~; 8, T.

000
0.00
0.06
0.00
000
000
000
0.00
0.00
0.00
000
000
000
000
0.00
Ow
0.00
Ooa
000
0.00
0.00
000
0.04!
000
000
0.00

000
000
Ocm
0.00

.1.06
1.0[
33i
6.67
814

10.76
196(
I 6.4a
1947
22.73
2619
29.87
33.79
w9a
42.46
47.27
62.44
68.02
64,06
7061
7774
8666
94.12

103 ri7
1 i4.05
12673
1.3883
163.64
17060
; 89.88

0.00 212.31

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, “J’)

460 4G0 470 480 490 600 610 620 630 640 660 660 570 680

79.93 79.7a ‘79.6! 79.30 79.09 78,88 78.66 78.45 78.24 78.03 77.82 77.o(j 77.39 77.1 R
79.74 79.62 79.3!
79.64 79.32 79.10
79.32 79.10 78.87
79.10 78.87 78.64
78.66 78.63 78.39
7861 78.37 7813
18.36 78.10 77.86
78.07 77.82 77.67
77.77 77.62 77.26
77.46 77.19 76.93
77.12 76.86 7668
76,77 7649 76.2!
7639 76.10 76.82
76.98 76.69 76.3’3
76.64 76.24 ?4.94
76.07 74,76 74.45
74.66 74.24 739’3
74.01 73.68 73.36
73.42 73.07 72.?3
72.77 72.4f 72.O&
72.66 71.69 71.32
Ti .26 70.8s7 70.60
7042 70.01 G96i
69.4 ? 69.0. 68 G?
68,4( 67.96 67.Gi
67.2J 6674 66.27
66.8: 66.3- 64.8?
84.35 63 .3(? 63.28
62 fi: 62.Oi 61.44

79.09 78.86 78.68 78.45 78.23 78.01 7760 77.68 77.37 77.16 7(3.93
70.88 78.66 7844 78.22 78.00 77.70 ?7.66 77.34 77.12 76.!)0 7G.36
78.66 78.43 78,20 77.98 77.76 77.63 77.30 77.08 76.68 7663 7041
78.41 78.18 77.96 77.73 77.60 77.27 77.04 76.81 76.68 76.36 7G12
78.16 77.93 77.69 77.46 77.23 76.99 76.76 76.62 76.29 7600 7662
77.90 77.68 7742 77.18 78.94 76,70 7646 78.22 76.99 7676 76.5!
77.61 77.37 77.13 76.88 76.64 76.39 76.1 % 76,91 75.66 7642 76.17
77.32 77.07 76.82 76.67 76.32 76.07 76.82 75,67 76.32 76.0? 74.62
77.00 76,76 76.49 7(3.24 76.98 76.73 7647 76.21 74.36 74 .7@ 7446
76.67 76.4 I 7616 76.88 76.62 76.36 76.10 74144 74 ,6? 7431 74 Ofl
76.32 76.06 76.78 76.61 76.24 74.97 74.70 74.43 ?4.16 73 w 73.63
7694 76.66 76.39 76.1 k 74.83 7456 74 2a 74.00 73.73 7346 731.8
7663 76,26 74.97 74.66 74.40 74.1 ! 73.83 73,66 73.26 729$ 7269
76.10 74.81 74.62 74.22 73.93 73.64 7336 73.06 72.76 7247 7218
7464 74.34 7404 7373 7343 73.13 7283 72.63 7223 7i 93 7i 63
74.14 73.83 73.62 73.21 72.90 7269 72,27 7[ M 71.66 71.34 71.03
7360 7328 7296 7264 72.32 72.00 71 6? ?1 .3& 7! .03 7Q?\ ?039
7302 72.69 7236 72.02 7! .6!! 71.36 71.03 70.69 ?0 .36 700? G!l.70
72.39 72.04 71.70 71.36 71.01 7066 7032 69.98 69 W 69.29 6894
71.70 71.34 70.98 70.63 70.27 69.91 6966 69.20 6884 68 4[. W. I 2
70.94 70.67 7020 6983 69.46 69.09 68.ii 66.34 67.97 67 F* G?z?
70.! 2 6!7.73 6934 65.96 66.67 6fl18 67 W 674{ 67,02 66.G3 6f.24
69.2! 6!350 6%40 67.99 6?,65 67.i E 66.78 6637 66.97 6566 6F. 1?
6f.19 67.77 67.3b IW92 6660 CA0? 666$ 6ri,23 64 .fiC 64 ?% 679-

6707 6662 661P 65.77 65T29 6484 $.$35 63.96 63 fi~. 6:* w 6’2 r ,
65.60 6K.33 64.66 6439 6392 m 46 52 w 62,6i 62W 6) .5” 6’ ‘?
64.37 63 W. 633$ 6286 62.3% 61.89 Gi .39 (jofl~ m.4c- fi9 w fig,ii

62.76 62.22 61.69 6116 60.63 601) 69,6$u 69 OE 6862 67.9$ 67.4 i
6C.86 60.35 69.76 69.1 !’ 6!.62 68.08 67 4? 6693 ~~- bfl R 5fi,24.

60.64 69.92 69.31 66.71 ml o 67.60 66.89 66.29 65S% 66,06 _64.4? 63,86 63.26 62.66..-— —.



COMBUSTION EFFICIENCY TABLE FOR NATURAL GAS

Properties of Natural Ga8:

Molecular Weight: 16.7 ~bm]~o,e

Specific Iieat: 0.487 ~

Enthalpy of Formation: -2537 ~

Higher IIeating Value: 21869.0 ~

%02%Co %Co, %N2 %s0, =y

0.00
0.60
1.W
I .60
2.00
2.60
9m
9.60
4.00
460
600
6.60
6.00
6.60
7.00
7.60
8.60
6.60
9.00
9.60

10.00
10.60
1100
11.66
12.00
1250
1.3.00
13.60
14.00
14.60
16.00

0.60 11.46 88.02
0.60
050
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.66
0.60
060
0.60
0.60
0.60
060
0.66
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60
0.60

11.20 8780
10.92 87.66
10.63 87.97
I 0.36 87. I 6
I 0.07 86.93

9.79 80.71
9.60 86.60
9.22 M.’la
8.94 86.06
8.66 66.84
8.37 86.63
8.09 f15.41
7.81 86.19
7.63 84.97
7.24 64.76
6.26 84.64
6.86 84.92
6.40 84.10
6.11 89.89
6.83 83.67
6.66 83.46
6.27 83.23
4.a8 83.02
4.70 82.80
4.42 82.66
4.14 82.36
9.86 82.16
3.67 81.93
3.29 81.71

0.00
O.(J)
O.CQ
o.(m)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
O.(M3
0.00
0.00
0.00
0.00
0.00
O.lul
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.64)
0.00
0.00

.1.06
1.03
S32
6.67
8.14

10.76
1S.60
16.40
19.47
22.73
26.19
‘2967
33.79
37.96
42.46
47.27
62.44
66.02
64.06
70.61
77.74
86.66
94.12

103.67
114.06
126.73
126.83
163.64
170.60
189.86

0.66 Sol 81.49 0.00 21237

I

COMBUSTION EFFICIENCY
(l?ficiencies are listed by flue gas temperature less surrounding temperature, “F)

690 600 610 620 630 640 660 660 670 680 690 700 710 720

76.97 76.76 76.64 76.33 76.12 76.91 76.70 76.48 76.27 76.08 7486 74.64 74.42 74.21
76.72 76.60 76.29 76.07 76.643 76.e4 76.42 76.21 74.96 74.78 74.66 74.34 ‘?4.13 73.91
76.46 76.24 76.02 76.80 76.68 76.36 76.14 74.92 74.70 74.46 74!26 74.04 73.!32 73.60
76.18 76.96 76.73 76.61 76.29 76.00 74.64 74.61 74.39 74.16 73.94 73.72 73.49 7327
76.89 76.67 76.44 76.21 74.98 74.76 74.62 74.29 74.06 73.83 73.61 73.38 73.16 72.92
76.69 76.36 76.12 74 .m 74.66 74.42 74.19 79.96 73.71 73.49 73.26 73.02 72.79 72.66
76.27 76.03 74.79 74.66 74.31 7408 73.84 73.60 73.36 73.12 72.86 72.64 72.40 72. I 7
74.93 74.69 74.44 74.20 73.96 73.71 73.47 73.22 72.98 72.73 72.49 72,24 72.(M 71.76
74.67 74.32 74.07 73.82 13.67 73.32 7307 72.62 72.67 72.32 72.07 71.82 71.67 71.32
74.19 73.93 73.68 73.42 73.17 7291 72.66 72.40 72.14 71.89 71.63 71.38 71.12 7on7
73.79 73.62 73.243 79.00 7!2.74 72.48 72.21 71.96 71.69 71.43 71.17 70s)0 70.64 70.36
73.36 73.09 72.82 72.66 72.28 72.01 71.74 71.47 71.21 70.94 70.67 70.40 70.13 69.66
72S0 72.62 72.36 72.07 71.79 71.62 71.24 70.97 70.69 70.41 70.14 69.86 69.69 69.31
72.41 72.13 71.64 71.66 71.28 70S’9 70.71 70.42 70.14 69.88 69.67 69.29 69.00 6R,72
71.89 71.60 71.30 71.01 70.72 70.43 70.13 69.84 69.66 69.26 88.97 68.67 66.36 68.09
71.33 71.03 70.72 70.42 70.12 69.62 69.62 69.22 88.62 68.62 68.32 811.01 67.71 67.41
70.72 70.41 70.10 69.79 69.48 69.17 68.86 68.66 68.24 67.93 67.62 67.31 67.00 68.68
70.07 69.76 69.43 69.11 66.79 66.47 88.16 6711Z 67.60 67.18 66.88 88.64 60.22 66.90
69.37 69.03 66.70 86.37 68.04 67.71 67.37 67.04 86.71 66.38 68.06 66.71 66.38 66.06

63.60 68.26 67.91 67.67 67.22 60.68 68.64 66.19 66.36 66.60 66.16 64.62 64.47 64.13

67.77 67.41 67.06 66.70 86.34 66.98 66.62 6627 64.91 84.66 64.20 83.84 63.46 63.12
66.86 66.48 66.11 66.74 66.37 66.00 64.63 84.26 63.86 83.61 63.14 62.77 62.40 62.03

66.86 66.47 66.06 84.69 84.31 63.92 63.63 63.I 4 62.76 62.37 61 W 61.69 61.21 66.82

64.76 64.36 63.94 63.64 83.13 62.73 62.32 61.92 61.61 61.1 I 00.70 66.36 69.69 69.49

63.63 63.10 62.66 62.26 61.83 61.41 WI.93 60.60 80.14 69.71 69.29 68.86 6a.44 68.01

62.16 61.72 61.27 60.83 (W.38 69.94 69.49 6904 68.80 68.16 67.7i 67.28 68.82 68.37

60.63 60.16 69.69 69.22 68.76 68.29 67.62 67.36 66.86 68.41 66.94 66,47 66.00 64.63

68.91 68.41 67.91 67.41 68.92 66.42 66.92 66.43 64.93 64.43 63.93 63.44 62.94 62.44

6694 66.41 66.88 66S6 64.82 64.30 63.77 63.24 62.71 62.18 61.66 61.13 6Q.80 60.07

64.67 M.11 63.66 62.98 62.42 6186 61 .?9 60.7s 60.16 49.60 49.03 48.47 47.91 47.34

62.06 61.44 60114 66.23 49.63 49.02 48.41 47Bl 47.20 46.60 46.93 46.39 44.70 44.18



COMBUSTION EFFICIENCY TABLE FOR NUMBER 2 OIL

Properties of Number 2 Oil:

Molecular Weight 208.0 ,bm’~ole

Specific Heat: 0.480 ~

Enthalpy of Formation: -226 ~

Higher llenting Value: 19612.0 ~

0.60
1.00
1.60
2.00
2.50
900
360
4.00
4.60
600
6.60
6.00
650
7.00
7.60
8.00
8.60
9.00
9.60

10.00
10.60
11.00
11.60
12.00
I 2.60
13.00
13.60
14.00
14.60

0.00
0.00
0.00
0.00
000
000
000
0.00
0.00
0.00
000
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
000
0.00
owl
0.06
0.00
0.00
0.00
0.00
0.00

16.23
14.60
14.49
14.12
13.76
1338
1300
12.63
12.20
1I .89
11.62
11.16
10.78
10.40
i 0.03

9.66
9.29
8.92
8.65
8.16
7.al
7.43
7 .S)8
6.69
6.32
6.96
6.68
6.21
4.83

6416

84.03
83.91
83.78
8366
83.63
8340
83.2S
8316
63.03
62.90
82.71
82.66
82.62
82.40
82.27
82.14
82.02
81.89
61.77
81.64
81.61
61.39
81.26
EI.14
01.01
80.88
86.76
80.83

~
-O.(M

2.28
468
7,21
9.66

12.E6
1661
1873
22.04
2664
29.27
33.23
37.46
41.98
4683
62.03
67.63
63.68
70.ti
77.36
86.13
93.63
02.99
13.34
24.83

16.00 0.00 4.46 80.61

011
010
0.10
0.10
010
009
009
0.09
0.09
0.08
0.08
0.08
0.06
0.07
0.07
0.07
0.07
0.06
0.06
0s)6
0.06
0.06
0.06
0.06
0.04 137.67
0.04 ) 62.12
004 166.49
0.04 187.19
0.03 208.77
0.03 233.96

COMBUSTION EFFICIENCY
@ Lcicnciesare listed b~ue gas tetnperatum less surrounding temperature, oF)

170 180 190 200 210 220 230 240 260 260 270 280 2Q0 300

90.63 90.42 90.22 9(01
60.66
9(.48
8i.40
90.32
W.23
90.14
90.06
89.94
89.84
89.72
89 GO
89.47
89.33
89.16
89.02
88.86
88.60
88.46
68.24
88.00
87.73
87.46
87.13
M.77
86.37
86.93
86.42
84.86
84.18
83.40

90.36
90.27
90.18
WIO
90.01
89.91
8981
89.70
89.69
89.46
89.33
89.20
8!7.06
88.89
88.72
68.64
88.34
88.12
67.89
87.64
87.36
87.06
86.72
86.34
86.92
86.46
84.91
84.30
83.00
82.77

9(114
90.06
89.97
8!).87
89.78
89.68
8967
89.46
89.33
89.21
89.07
68.92
88.77
88WI
88.42
fW23
88.02
87.79
87.65
87.28
88S8
86.68
86.30
86.91
66.47
84.97
lw40
83.76
83.01

89.93
8984
8!).76
8966
8966
89.44
89.33
8921
89.08
8m96
88.80
88 G6
88.49
8K31
ea.12
87.92
87.70
87.46
67.20
86.92
88.61
%.27
86.89
66.48
86.01
84.49
83.89
8321
82.43

82.14 8151

89.72
89 G3
8963
8943
8932
89.21
8909
8tL9G
8f.83
W.69
8t.64
88.38
8820
LU302
87.82
87.61
87.38
87.13
86.80
86.68
86.23
86.88
66.46
86.06
84.60
84.01
8338
82.67
61.86
80.89

89.51
8941
8931
8921
89 o~

8898
88.86
W172
88 m
8843
8827
6$10
87.92
87.73
87.62
87.30
87.043
86.79
86.151
88.20
86.66
85.49
85.07
8-4.G1
8410
83.62
82.87
ml 2
81.26
80.20

89.30
R!l.zo
8909
f18.98
88.87
88.74
88 GI
8847
8833
88.17
8801
87,83
87.64
87.44
87.22
6699
86.74
86.48
86.17
85.84
86,49
86.09
8466
84.18
83.65
8304
82.36
81.68
80.06
79.83

89.W
6899
68.88
88.76
88.64
6t.61
88.37
8823
88.08
8791
8774
87.66
87.38
8716
8892
86.66
86.42
88.s 3
86.82
86.48
86.11
84.70
84.26
83.76
83.19
82.G8
81.86
81.04
60.09
79.00

88.88
88.77
88.66
86.64
8841
8826
88.13
87.98
87.83
87.66
87.48
87.28
87.08
80.86
86.62
86.3?
68.10
86.80
85.47
86.12
84.74
84.31
63.84
83.32
82.74
82.08
81.34
86.49
79.61
76.37

81L67
88.66
88.44
8E.31
88.18
84.04
87.90
87.74
67.67
87.40
87.21
87.01
86.80
86.67
8&32
88S)6
86.77
86.47
86. I 3
84.76
84.36
83.92
83.43
82.89
82.28
81.30
6083
79.96
78,93
77.74

88.48
88.34
88.22
8809
87.!76
87.81
87.647
87.49
87.32
87.! 4
80.95
86.74
86.62
8G2E
8E.03
86.76
86.46
85.13
84.78
84.40
83.99
83.63
83.02
82.46
81.83
81.12
8032
79.40
7834
77.11

ef125
68.13
88.00
87.87
87.73
8758
87.42
87.26
87.07
68.88
88.68
86.47
88.24
86.99
86.73
86.44
86.13
64.80
84.44
8404
83.61
83.14
82.GI
8203
81.37
80.64
79.81
78.86
77.76
76.48

8604
87.92
87.78
87.66
87.50
87.34
87.18
R7.OG
8G 82
86.62
86.42
88.19
86.96
86.70
86.43
86.! 3
84.81
8447
84.09
83.(38
83.24
8274
82.20
81.33
8092
80.! 6
79.30
78.31
77.18
76.86

87.83
87.70
8767
8742
8727
R7.I 1
86.94
86.76
80.67
80.37
80.16
86.92
fUI.67
8641
86.13
84.82
64.40
84.t4
83.76
83.33
62.RO
e2.36
ill .79
13i.i8
00.46
7968
7879
77.77
76.69
76.22



COMBUSTION IH?IUCIENCY TABLE I~OIt NUMBER 2 OIL

Properties of Number 2 Oil:

Molecular Weight 208.0 ~bm’)ole

Specific Heat 0.480 ~

Enthdpy of Formation: -225 ~

Higher Ileating Value: 19512.0 ~

0.06
0.60
1.00
1.60
2.00
2.60
MO
S.60
4 ,s)0
4.66
6.00
6.60
600
6.60
7.60
7.66
8.00
8.60
9.00
9.60

10.00
10.60
11.00
11.60
12.00
12.60
19.00
19.60
14.00
14.60

000
000
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.00
0.00
0.00
O.ca
0.00
0.00
O.fm
O.(m
0.00
0.00
0.00
0.00
0.00
0.00
o.m

15.66
15.23
J0?6
14.49
14.12
19.76
J 3.36
1S.w
12.63
12.26
11.89
! 1.62
11.16
10.78
J 0.40
10.03

9.66
9.22
8.92
8.66
e.i 8
7.61
7.43
7.06
6.69
6.32
6.96
6.66
6.21
4.63

6428
84.16
84.03
83,91
63.78
83.66
83.53
83.40
63.23
63.16
83.03
82.90
e2.77
82.66
62.62
e2.40
82.27
e2.14
82.02
61.89
el .77
81.84
el .61
81.39
ei .28
81.14
81.01
60.68
60.78
80.63

16.00 O.w 4.46 60.61

0.11
0.11
010
0.10
0.10
0.10
0.09
009
0.09
009
0.08
0.08
0.08
008
0.07
0.07
0.07
0.07
0.06
0.06
006
0.06
0.06
0.06
0.06
0.04
0.04
004
0.04
0.03

.0.0(
2.24
4.6f
7.21
9.t3c

I 2.64
16.61
le,79
22.04
26.M
29.27
33,23
37.4fl
41 .9a
46.63
62.03
67.63
63.~
70.23
77.36
66.13
93.63

102.99
113.34
124.63
137.67
162.I 2
168.49
167.19
206.77

0.03 23%66

COMBUSTION EFFICIENCY
(@licLencies we listed by flue gas icmperature less surrounding temperature, ‘1!)

310 320 330 340 360 360 370 380 390 400 410 420 430 440

t17.75 e7.66 e7.34 e7.14 86.93 66.73 86.62 66.32 86.11 86.91 66.70 86.60 86.2!) Hfi.w
87.63
87.49
67.36
67.20
67.04
86.66
66.70
66.61
86.32
68.11
86.86
66.66
86.39
66.12
64.63
64.61
e4.17
63.60
63.40
82.97
62.49
81.96
81.30
60.73
60.01
79.20
78.26
77.22
76.01
74.60

87,42
87.26
67.13
66.98
86.81
6564
86.46
66.27
86.07
85.86
85.62
66.37
86.11
84.83
64.63
64.20
e3.86
83.47
83.08
82.61
62.11
81.67
60.97
60.30
79.66
78.72
77.77
76.66
76.43
73.97

67.21
87.06
86.!31
66.76
66.69
86.41
66.22
86.02
8fl.81
85.69
86.36
85.10
84.63
84.64
84.23
83.89
83.63
fM.14
82.71
82.25
81.74
81.le
60.66
79.67
79.10
78.24
77.26
76.14
74.64
73.34

0700
66.86
66.69
66.63
66.36
86.18
86.66
86.70
86.66
fl!L33
86.09
64.83
84.66
84.25
83.93
me
e3.21
82.fll
82.37
81.89
el .36
60.79
8016
‘79.44
7666
77.76
76.76
76.69
74.26
72.7k

66.79
6(164
86,4e
66.31
80.13
66.94
85.74
66.63
8631
8fi.06
84.82
84.66
64.27
83.96
e3.63
83.27
e2.89
82.47
82,02
81.63
60.99
80.39
79.74
7901
76.19
77.27
76.24
76.06
73.66
72.06

66.68
66.42
8W26
66.08
66S0
66.71
86.61
8529
86.00
84.82
84.66
8426
83.99
83.67
8333
82.96
82.67
82.14
81.66
81.17
60.61
60.00
79.33
78.66
77.74
76.79
76.73
74.56
73.09
71.46

80.37
60.21
86.04
86.66
e6.67
66.48
86.27
8504
64.81
84.66
e4 .29
84 .0!
83.71
83.38
83.03
82.66
82.26
81.81
e] .33
80.61
60.24
79.61
78.92
7e.14
77.m
76.31
7621
73.M
72.61

M.16
86.00
66.82
86.64
66.46
86.24
66.03
e4 .4w
84.66
84.30
84.03
03.74
63.42
83.09
82.73
e2.36
81.93
81.48
60.99
60.45
79.W
79.22
78.61
77.71
76.63
76.83
74.70
73.41
71.93

7om 70.19

86.96
86.76
66.60
86.42
86.22
66.01
84.79
84.66
64.31
84.M
63.76
8346
e314
82.80
82.43
62.04
81.61
el.14
8M4
60.09
79.49
76.83
76.10
77.m
76.37
76.36
74.19
72.87
71.34
69.66

e6.74
136.67
85.39
66.19
64 .S9
64,76
64.66
84.31
84.06
83.78
83.60
83.19
82.66
82.61
82.13
81.73
81.29
80.81
60.W
79.73
79.11
78.44
77.66
76.66
76.92
74B7
73.66
72.33
70.76

4!6.63
86.36
66.17
64.97
64.76
64.M
84.91
64.06
83.6!0
63.63
63.23
82.92
82.68
82,22
81.63
81,42
80,97
60.48
79.95
79,37
76.74
78.04
77.27
76,42
76.46
74.32
73.17
71.78
70,1 e

86.32
66.14
84.96
64.76
84.63
64.31
64.07
83.62
S3.66
63.27
82.97
82.64
82.30
i3i .93
81.53
m .11
60.66
6016
79 (xl
79.01
78,36
77.65
76.88
76.99
76.01
73.91
72.66
71.24
69.69

6611
84.93
64,73
64.62
64.31
64.08
63.83
6367
83.30
6301
82.70
82,37
82.02
81.54
81.23
60.80
6003
7982
79.26
76 G6
77.99
77.26
76.46
76.68
74.66
73,43
72,16
70,69
69.01

66.93 66.81 67.66 67,06

64.91
84.71
6461
64.30
64.06
83 /!4
83.69
83.33
83.05
82.76
e2.44
ezi o
81.74
8136
6094
6049
60.01
794e
78.91
78.29
77.62
76.87
7G.04
7513
74.10
7296
71 .G4
70.16
66.43
66.42



COMBUSTION

Properties of Number 2 Oil:

Molecular Weight 208.0 lbm’~ole

Specific Ileat: 0.480 ~

Enthalpy of Formation: -226 ~

BTU
Higher }Ieating Value: 19512.0 ~

.,::.,:::.,:,

Dry Products of Combustion ;::;:;;;;:;:;;;

%0, %Co %C02 %Nz %s0, $=

Ow
060
100
1.60
2.00
260
900
9.60
400
4.60
6.00
6.66
6.00
6.60
7.00
7.60
800
8.60
9.00
9.66

10.00
10.60
11.00
1!.60
12.00
12.60
1MM
19.60
14.00
14.60

0.00
O.w
0.00
0.00
0.00
0.00
0.00
006
0.00
0.60
0.00
0.CH3
0.06
0.00
0.00
000
Oslo
O.o11
0.00
O.rm
0.00
0.00
0s)0
0.00
0.00
000
0.00
000
0.00
0.00

16.23
14S6
1449
14.12
19.76
13.38
1300
1263
12.28
11.89
! I .52
11.15
10.7%
10.40
} 0.03
9.86
9.28
8.92
8.66
818
7.81
7.43
7.06
6.69
832
6.96
6.68
6.21
48.7

84s e
8403
83.91
8s.78
83.6a
83.63
83.40
83.28
8316
83.03
82.90
82.77
B266
82.62
82.40
82.27
82.14
82.02
81.89
81.77
81.64
81 .6!
81.39
81.26
81.14
81.01
80.8B
80.76
60.65

16.00 0.00 4.46 8051

Q.11
Q.lo
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.07
0.07
0.07
0.07
O.m
0.06
0.06
0.05
0.06
0.06
0.06
004
0.04
0.04
0.04
0.03

2.2a
4.68
7.21
9.66

12.66
I 6.61
18.73
22.04
26.64
7927
33.23
37.46
41.96
46.83
62.03
67.63
63.6@
70.23
77.38
86.1 !4
93.63

102.99
113..24
12483
137.67
162.12
168.49
167.19
206.77

0.03 233.96

IU!’I?I(XENCY TABLE FOR NUMBER 2 OIL

COMBUSTION EIWiCIENCY
(Efficiencies are listed by flue gas tempemture less surrounding temperature, ‘F)

460 460 470 480 490 600 610 620 630 640 660 660 670 580

84.86 84.66 84.47 64.27 84 .W 83.66 83.66 63.46 83.24 83.04 82.83 82.63 82.42 82.22
83.2384.70

84.60
84.29
64.66
83.86
83.61
83.36
63.08
82.80
62.49
82.17
81.82
81.46
81.043
80.84
60.18
79.69
79.16
78.67
77.94
77.24
76.48
76.63
74.69
73.65
72.47
71.13
69.60
67.84
66.79

84.49
64.29
64.06
83.86
83.62
83.38
83.11
82.64
82.66
82.24
61.90
81.65
81.17
80.77
80.34
79.87
79.38
78.82
78.22
77.6a
76.87
76,08
76.22
74.26
73.19
71.99
?0.62
69.06
67.26
66.16

64.26
64.07
83.86
83.63
83.39
83.14
82.88
62.69
82.29
81.98
81.34
81 .2S
60.89
80.48
80.04
79.60
79.04
76.49
77.88
77.22
76.49
76.69
74.81
73.83
72.74
71.61
70.1 i
66.62
66.60
64.63

84.07
83.60
83.64
63.4i
83.17
82.91
82 G4
82.36
82.04
81.72
81.37
81.01
86.61
80.I 9
79.74
79.26
78.72
78.16
77.63
76.66
76.12
76.30
74.40
73.40
72.28
71.03
69.60
67.97
60.09
63.20

83.86
83.66
83.42
83.19
82.94
8267
8240
82.10
81.79
8i .46
81.11
86.73
80.33
79.90
79.44
78.94
78.40
77.82
77.19
76.60
76.74
74.91
73.99
72.97
71.83
70.64
69.09
67.43
66.61
63.27

83.66
83.43
83.20
82.26
82.71
(32.44
82.16
El .86
81.64
61.20
8084
I?Q.46
60.06
79.61
79. I 4
76.63
7808
77.49
76.64
76.14
76.37
74.62
73.68
72.64
71.37
70.08
68.68
60.68
64.93
62.04

83.44
83.22
82.99
82.74
82.48
8221
61.92
81.61
61.29
60.94
80.68
60.19
79.77
79.32
7884
78.32
77.76
77.16
76.60
76.76
74.99
74.19
7317
72.11
70.92
69.68
60.07

6634
84.34
62.01

63.01
62.77
82.62
62.26
81.97
81.68
81.37
81.04
80.69
80.31
79.91
79.49
79.03
76.64
76,01
77.44
76.82
76.16
76.42
74.62
73.73
72.76
71.68
70.46
69. I O
67.66
66,79
63.76
61 .3!4

83.02
82.79
82.66
82.29
82.03
81.74
81.44
El.12
80.79
80.43
86.06
79.64
79.21
78.74
78.24
77.70
7712
76.49
76.81
7606
74.24
73.34
72.35
71.24
70.01
66.62
67.06
66.26
63.16
60.76

82.81
82.68
82.33
02.07
81 Ml
81.61
81.20
80.88
f!J3.64
80s7
79.78
79.37
78.93
7a.46
77.94
77.39
76.80
76. I 6
76.46
74.70
73.87
72.96
71.94
70.6i
69.66
68.14
66.64
64.71
62.69

82.60
82.36
82.11
81.86
81.67
61.27
60,06
80.63
60.28
79.91
79.62
79.10
78.64
78.16
77.64
?7.08
76.46
76.83
76.12
74.34
73.49
72.66
71.63
70.38
69.10
67.68
66.03
64.16
62.01

62.39
82.16
61.69
81.63
81.34
Ill .04
80.72
80.39
80.03
79,66
79.26
78.82
78.36
77.87
77.34
70.77
76.16
76.49
74.77
79.98
73.12
72.17
71.12
69.96
68.66
67.1 E
66.62
63.62
61.43

82.19
01.94
81.68
81.40
81.11
80.81
80.49
60.14
79.78
79.40
78.99
78.66
78.08
77.68
77.04
76.46
76.84
76.16
7443
73.62
72.74
7 I .78
70,71
69.62
W.19
66.70
65.01
63.0’7
80.64

81.98
81.72
81.46
61.18
80 .Wi
6067
80.26
79.90
79.63
79.14
78.72
7828
77.80
77.29
76.74
76,16
7652
74.83
7406
73.26
72.37
71.38
70.30
6909
67.74
66.22
64.60
62.ti3
60.26

60.13 69.60 68.87 68.24 67S1



COMBUSTION EFFICIENCY TABLE FOR NUMBER 2 OIL

Properties of Number 2 Oil:

Molecular Weight 208.0 ,bm]~o,e

Specific }Ieat: 0.480 ~

Enthalpy of Formation: -225 ~

wrrr
Higher Ilealing Value: 19512.0 ~

.,...,,: :::.;::;.~:,: :,:.:;,,::.

Dry Producis of Combustion :::::::;:::
...........

..... ..,.,.

%0, %Co %Co, %Nz %s0, m;,”

I I I I I
0.00 0.06 16.60 84 .2a 0.11 .0.6(
0.60
1.00
1.66
2.00
2.60
300
9.60
4.00
4.60
two
6.60
6.00
6.60
7.06
7.60
8.00
860
9.00
9.60

10.00
10.60
11.00
11.60
I 2.00
12.60
I W)o
13.6a
14.00
14.60
16.00

0.00 16.23 84.16
0.00 14.88 84.03
0.00 14.49 83.91
0.00 14.12 03,78
006 13.76 8.M8
0.00 13.38 63.63
0.00 13.00 63.40
006 12.63 63.26
0.00 12.26 83.16
0.00 11.69 83.03
0.00 1I .62 82.90
0.00 11.16 82.77
0.00 10.78 82.66
0.00 10.40 82.62
0.00 10.03 62.40
0.00 9.08 82.27
0.00 9.29 82.14
O.w 8.92 82.02
0.00 8.66 61.69
O.w 8.18 81.77
0.00 7.61 81.64
O.w 7.43 81.61
0.00 706 81.32
0.00 6.69 81.26
O.w 6.32 81.14
Osn) 6.95 81.01
O.w 6.68 60.68
0.00 6.21 80.76
0.00 4.83 60.63
O.w 4.46 60.s1

0.11
0.10
0.10
0.10
0.10
069
O.oa
009
009
Ooa
008
0.08
0.08
0.07
0.07
0.07
0.07
006
0.66
006
0.06

0.06
0.05
0.04
O.M
0.04
O.M
0.03

Z.’u
4.81
7.21
986

12.66
16.61
16.73
22.64
2664
!22.27
33.23
37.46
41.98
46.63
62.03
67.63
63.ql
70.23
77.36
86.13
93.63

102.99
113.34
124.63
137.67
162.12
16849
187.19
208.77

0.03 233.96

COMJ3USI’1ONEFFICIENCY
(deficiencies are listed by flue gas temperature less surrounding temperature, “1?)

690 600 610 620 630 640 660 660 670 680 690 700 710 720

FM.ol 81.81 81.60 01.40 81.19 60.9s 60.78 60.68 IM.37 80.17 7!).96 79.76 79.G6 79.34
61.77 81.66 81.36 61.14 66.93 80.72 M.GI 60.30 60.09 79.88 7!l.G7 79.47 79.20 79.06
Ill .61 61.30 81.08 60.87 80.66 80.44 60.23 80.01 79.80 70.69 79.37 79.16 76.!)6 78.73
81.24 61.02 80.80 60.69 80.37 80.16 79.!)3 79.71 79.E41 79.29 79.66 78.84 78.62 78.40
60S6 80.73 80.61 80.29 8006 7984 79.62 79.40 79.17 78.95 78.73 76.60 78.m 78.00
80.66 80.43 60.20 79.!)7 79.74 7!).62 79.29 7906 76.63 7806 78.38 78.16 77.92 77.G9
60.34 80.11 79.87 79.G4 79.41 79.17 78.94 78.71 78.47 76.24 7801 77,77 77.64 77.31
60.01 79.77 79.63 79.29 79.06 78.81 76.67 78.33 7809 77.88 77.62 77.38 77.14 76.90
79.66 79.41 79.16 78.92 78.67 76,43 78.16 77.94 77.69 77,46 77.20 76.90 76.71 76.47
79.28 79.03 76.78 7862 76.27 78.02 77,77 77.62 77,27 77.02 76.76 78,61 76.26 76.01
78.88 78.62 76.3G 78.11 77.86 77.69 77.33 77.07 76.81 76.68 76.30 76.04 76.78 76.62
78.46 76.19 7’7.93 77.66 77.39 77. I 3 70.86 76.t7XJ 76.33 76.07 76.ftO 76.54 76.27 76.01
78.W 77.73 77.46 77.18 76.91 7G.64 76.37 76.09 76.82 76.66 76.27 76.00 74.73 74.46
17.62 77.24 7G.96 76.68 76.39 76.1 ! 76.83 76.66 76.27 74.92 74.71 74.43 74.16 73.80
77.00 76.71 76.42 76.13 76.84 76.65 76.26 74.97 74.66 74.39 74.1o 73.81 73.62 73.23
76.44 76.16 76.86 76.66 76.26 74.96 74 .G5 74.36 74.06 73.76 73.46 73.16 72.86 72.66
76.86 76.64 76.23 74.92 74.61 74.30 73.99 73.68 73.37 73.W 72.76 72.44 72.13 71 .R2
76.20 74.68 74.66 74.24 73.92 73.60 73.28 72.96 72,63 72.31 71.99 71.67 71.36 71.03
74.60 74.16 73.83 73.60 73.17 72.84 72.iW 72.17 71 J34 71.61 71.17 70.64 70.61 70.16
73.74 73.39 73.04 72.70 72.36 72.01 71.68 71.32 70.97 70.63 70.26 69.94 69.69 69.26
72.90 72.64 72.19 71 .S3 71.47 71.11 70.76 70.39 70.03 69.67 69.31 66.96 68.69 68.21
71.92 71.62 71.24 70.87 70.49 70.12 69.76 69.37 69.W 66.62 66.26 67.87 67.60 67.12
70.99 70.MI 70.21 69.82 69.43 69.03 68.64 66.26 67.86 67.47 67.08 60.68 66.29 66.90
69.89 69.48 69.00 66.66 68.24 67.83 67.42 67.01 66.60 66.10 66.78 66.37 64.96 04.66
68.68 66.23 67.79 67.36 6t.93 60.66 61.07 66.64 66.21 64.77 64.34 63.91 63.48 63.06
67.26 66.83 66.37 66.92 66.46 66.01 64.66 64.10 63.66 63.19 62.74 62.28 61.83 61.37
66.74 66.26 64.76 64.29 63.81 63.33 62.66 62.37 61.69 61.41 60.93 60.46 69.97 69.49
63.99 63.46 62.98 62.46 61.94 61.43 60.92 60.41 69.90 69.39 66.88 58.37 67.66 67.36

61.96 61.44 60.!M 60.36 69.81 69.26 68.72 6$317 67.63 67.09 66.M 68.00 66.46 64.91
69.68 69.02 68.61 67.93 67.34 60.76 68.18 66.69 66.01 64.43 63.64 63.26 62.67 62.09
60.96 66.36 66.72 66.1o 64.47 63.64 63.21 62.68 61.96 6192 60.69 60.00 49.43 48.61
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COMBUSTION EFFICIENCY TABLE FOR NUMBElt 2 OIL

Properties of Number 2 Oil:

Molecular Weight 208.0 ~bm]~ole

Specific IIeat: 0.480 ~

Enthalpy of Formation: -226 ~

nm 1
Higher IIeating Value: 19612.0 ~

.,,.:,,,.:.:::.:,::,:
:“:::.:;::::::,

Dry Products of Combustion :::;;;;:;:;;;;:.,,,.,....

%
%01 %Co %Co, %N1 %s0, E:y

O.(MI
0.50
I .00
1.66
2.66
2.56
9.00
$66
4.00
4.66
600
6EQ
600
6.60
700
7.60
8.66
0.60
9.66
9.60

10.00
10.60
11.00
11.60
1200
1266
1966
19.60
14.00
14.60

0.10 16.69 84.28 0.11 -6.22
0.10
0.10
0.10
0.10
0.10
010
0,10
O.to
0.10
010
0.10
0.10
010
010
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

16.16
14.79
14.42
1406
13.68
19.31
12.93
12.66
12.19
1182
11.45
1k.08
10.71
1033

996
9.69
9.22
8.86
&48
&11
7.73
7.36
6.99
6.62
626
6.88
6.61
619
4.76

84.19
84.04
83.86
8376
83.63
03.60
8337
83.26
83.12
83.00
82.87
82.74
82.62
82.49
82.37
82.24
a2.11
81.99
81 M
81.74
81.431
81.48
81.96
81.23
81.11
8098
80.66
80.73
80.60

0.11
0.10
0.10
0.10
0.10
0.09
0.09
0.09
009
0.66
0.08
006
0.06
007
0.07
0.07
0.07
O.w
0.68
006
0.06
0.06
0.0s
0.06
004
O.M
0.04
004
0.03

2.06
4.44
6.96
9.69

12.38
1692
18.42
21.71
26.20
28.96
32.86
37.05
41.66
46.36
61.63
57.10
63.11
69.61
76.69
84.40
92.84

102.12
J 12.36
123.77
136.49
160.79
166.99
J 86.48
mm

16.00 010 4.39 86.48 0.03 23) .64

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, oF)

170 180 190 200 210 220 230 240 260 2G0 270 280 290 300

90.49 9028 90.08 89.87 89.61 89.46 89.28 89.06 88.86 88.66 88.44 88.24 88.03 67.83
80.41
90.34
90.26
90.17
96.08
89.98
89.88
89.78
89.66
89.64
89.42
89.28
89.13
8898
88.81
88.63
88.43
88.22
87.99
87.74
87.47
87.17
88.84
86.47
86.06
85.59
86.07
84.47
83.77

90.20
90.12
90.04
89.96
89.85
89.76
8964
89.53
89.41
69.29
69.16
89.01
88.86
68(39
88.61
88.32
88.11
87.89
87.65
87.39
87.10
86.78
86,43
86.04
86.60
86.1 I
84.58
83.92
83.20

96.06
89.91
89.82
89.72
89.62
8962
89.41
8!?.29
8916
89.03
RR.t3!7
88.73
6857
R840
88.21
!?4iol
87.80
87.66
87.31
87.03
86.72
80.39
80.02
86.61
86.16
84.63
e4 .06
83.36
82.62

89.79
89.70
89.60
F3.56
!?9.40
89.29
89.17
8904
88.91
66.77
RR 62
88.46
6W2!)
6811
87.91
87.70
87.40
87.23
88.98
8667
86.36
Exw)6
85.61
85.18
84.70
64.16
83.64
8264
62.04

89.58
89.48
89.38
8928
89.17
89.06
88.93
88 no
88.06
88.61
RR.3G
lw19
80.01
87 !42
87.62
87.39
87.16
W.96
86.62
86.31
86.98
IW61
86.20
84.76
8426
83.08
8304
82..36
81.46

89.37
89.27
89.17
89.06
6894
8882
6/.69
88.65
8a4i
8826
860’3
87.92
87.73
87.63
87.32
87.09
8684
886’7
6027
86.96
8660
86.22
84.79
84.32
83.79
8320
82.63
81.76
8086

89.16
89.66
88.96
RR 83
RL71
8869
88.46
8831
8tl16
et.oo
87.83
87 G6
87.46
87.24
87.02
84.78
8662
84.24
8693
86.06
86.23
84.83
8438
83.89
83.34
82.72
8202
8122
tw.w

M-96
em.4
08.73
88.61
88.49
88.36
88.21
88.07
87.91
87.74
87.66
87.37
87.17
W.96
86.72
86.47
86.20
86.90
86.69
66.24
84.36
84.44
83.98
8346
8289
82.24
81.61
8068
79.72

131174
88.63
88.61
88.39
8t126
88.12
87.88
87.62
87.33
87.48
87.30
87.10
8669
86.66
8642
8S.16
86.66
86.67
86.24
84.88
84.48
84.06
83.67
83.03
82.44
81.76
81 .)0
80.14
79.14

88.53
88.42
88.30
88.17
e8.03
87.89
87.74
87.68
87.41
8’7.23
87.03
86.83
86.61
86.38
86.12
86.86
86.66
86.24
84.96
84.62
84.11
63.66
83.16
82.66
81.98
81.29
80.60
79.&l
78.66

M.33
88.20
88.08
8794
8780
87.06
87.60
87.33
87.16
86.97
8077
e4M6
80.33
8L.09
86.82
86.64
86.24
W.91
84.66
84.16
83.74
83.27
82.76
82.17
81.63
8081
7999
7906
77.98

88.12
87.99
87.66
87.72
87.68
87.42
87.2G
8709
R&w
86.71
8660
862.8
W 06
85.80
R5.M
8b.23
34.92
84 6R
8421
83.81
83.36
8268
82.34
R] .74
81.08
8633
79.48

78.61
77,40

e7,91
87.78
87.64
87.60
87.36
87.19
8702
8G 84
8666
tw4ci
86.24
60.01
Rfi.77
85.51
85.23
84.93
84 GO
8425
83.87
8346
8299
82.49
81.93
81.31
60.G3
7986
78.97
77.97
76.82

87.70
87.67
87.42
87.28
87.12
86.06
13f17R
86.06
80.40
86.20
86.98
86.74
86.49
86.22
84.93
84.62
84.28
83.92
83.62
83.09
f42.62
R2.1O
81.62
8089
8617
79.37
78,47
77.43
7624

82.97 82.34 81.72 61.09 00.47 79.86 79.22 78.00 77.97 77.36 76,72 76.10 76.47 74.86
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COMBUSTION

Properties of Number 2 Oil:
lb

Molecular Weight: 208.0 lbm ~O]e

Specilic I[eat: 0.480 ~

Enthalpy of Formation: -226 ~

Higher lieating Value: 19512.0 ~

l’””–:::::’:::..
., :,:.:::. :.,,,, .,.:::, ,:

1 1 1 1 I

000 0.10 16.6s 84.’23 0.11 -0.22
0.60
1.00
1.60
200
2.60
9.00
9.50
4.00
4.50
5.00
6.60
6.00
6.60
7.00
7.60
13.(nl
8.60
8.00
9.50

10.00
1050
11.60
11.60
12.00
12.60
19.00
13.60
14.00
14.60
16,(N)

0.10 16.16 64.1 s
0.10 14.79 6400
0.10 14.42 83.6?3
0.10 14.06 83.76
0.10 13.66 83.63
0.10 I 3.31 8360
0.10 12.93 8337
0.10 I 2.68 83.26
0.10 12.19 8312
0.10 11.82 8300
0.10 11.45 82.87
0.10 11.06 82.74
0.10 10.71 8262
0.10 10.33 82.49
0.10 9.96 8237
0.10 9.69 82.24
0.10 9.22 82.11
0.10 8.86 819S4
0.10 8.48 81 M
0.10 8.11 81.74
0.10 7.79 81.61
0.10 7.36 81.443
0.10 6.39 81.36
0.! o 6.62 81.23
0.10 6.26 81S 1
0.10 6.86 809s
0.10 6.61 80.8t5
0.10 6.13 80.73
0.10 4.76 80.64)
0.10 499 80.48

0.11 2.06
0.10 4.44
0.10 6.96
0.10 9.69
0.10 12.36
0.03 16.32
0.09 18.42
069 21.71
0.02 25.26
0.08 28.30
0.06 32.66
0.08 37.06
0.08 41.66

0.07 46.36
0.07 61.63
0.07 67.10
0.07 63.11
006 69.61

0.06 76.69
O.w 84.40

0.06 92.84

0.06 102.12
0.06 112.36
0.06 123.77
0.04 136.49
0.04 160.79
0.64 100.92
0.04 166.46
0.03 206.80
0.03 231.84

EFFICIENCY TABLE FOR NUMBER 2 OIL

COMBUS’I’1ONEFFICIENCY
(Z?fjiciencies are listed by Jlue gas temperature less surrounding temperature, oF)

310 320 330 340 350 360 370 380 390 400 410 420 430 440

87.62 87.42 8?.21 87.01 66.80 86430 60.39 86.19 86.98 86.78 86.67 86.37 66.17 84 .)0
87.49 87.23 a7.07 86.86 86.60 66.46 86.24 60.03 6S.82 86.61 86.40 86.19 84.98 84.78
67.36 87.14 rx3.93 86,71 86.60 86.22 66.07 86.R8 86.66 86.43 86.22 f)6.Oi 84.79 84.66
67.21 36.99 60.77 86.66 80.!44 t?4112 85.90 65.66 66.47 8S.25 65.03 84.81 64.69 Ill ..U!

87.06 66.83 86.61 80.39 86.16 tm.94 86.72 86.60 86.27 06,06 64.63 84.61 64.38 84.16
86.89 86.67 r!&44 86.21 86.98 86.76 85.63 86.30 a6.07 64.86 84.62 84.39 IW16 83.94

86.72 %.49 8626 86.03 66.79 65.58 81i33 86.09 64.8S 84.63 34.40 8.4.16 83.93 63.70
66.64 ffi.3i 86.07 86.83 86.69 8536 86.11 64.87 64.34 84.40 64.16 83.92 80.08 83.44
86.36 86.11 86.67 86.62 86.38 85.13 84.89 84.64 84,40 84.16 f43.91 83.G7 83.42 83.1 II

80.16 86.90 81i.65 66.40 85.16 84.90 84 .G5 84.40 84.16 83.!M 83.64 63.39 83.14 82.89

66.94 85.68 85.42 66.17 84.91 84 G5 84.39 64.14 83.88 63.62 63.36 63.11 82.86 82.69

65.71 8546 85.18 64.92 84.66 64.39 84.12 83.86 83.69 FKI.33 83.08 82.60 62.64 82.27
86.47 86.20 84.92 64.66 84..28 8’411 83.83 8366 8329 M 02 8276 82.47 82.26 81.93

86.21 64.93 84.66 64.37 M .SK1 83 m 8363 83.26 82.90 82.68 82.40 62.12 81 .a4 61.66
64.93 84.64 84.36 84.08 83.77 83.48 83.19 62.91 62.62 82.33 62.04 61.76 8146 111.17

84.63 84.33 64.03 63.74 83.44 63.14 62.84 82.64 62.24 61.94 81.66 61.35 81.06 80.76

84.31 84.00 63.69 83.38 83.07 82.77 82.46 82.16 61.84 61.63 81.22 @4).91 80.61 60.30

83.36 83.64 83.32 83.(UJ 62.68 62.36 62.06 61.73 81.41 81.09 80.77 80.46 8013 79.61

83.69 83.25 62.92 62.69 82.26 81.93 81.60 61.21 80.94 8060 80.27 79.94 79.61 79.23

83.18 62.63 82.49 62.14 61140 81.46 81.11 80.77 80.42 80.06 79.74 79.39 79.06 78.70

62.73 B2.37 82.02 61.00 81.30 80.94 80.58 80.23 79.87 79.61 79.16 76.79 78.43 7606

82.24 81.87 61.50 81.12 80.76 60.38 60.00 79.63 79.!26 78.86 78.61 78.14 77.76 77.3!l

81.71 81.32 80.93 80.64 80.16 79.76 79.37 76.28 78.69 78.20 77.81 77.42 77.03 76.63

81.11 60.71 80.30 79.89 79.48 79.07 18.66 76.25 77,64 77.44 77.03 76.62 76.21 76.80

80.46 80.03 79.60 79.17 78.74 78.31 77.88 77.46 77.02 76.69 76S6 76.73 76.30 74.87

79.72 79.27 78.82 76,30 77.91 77.46 77.01 76.66 76.10 76,66 76.20 74.74 74.22 73.R4

76.89 78.42 77.94 77.46 76.96 76.60 7G.02 75.66 76.07 74.69 74.11 73.63 73.16 72.66

77.90 77.46 76.94 76.44 76.93 76.42 74.91 74.40 73.20 73.39 72.88 72.37 71.87 71.36

76.69 7636 76.81 76.27 74.72 74.18 73.64 73.10 72.66 72.02 71.48 70.94 70.40 69.86

76.68 76.08 74.50 73.92 73.34 72.76 72.18 71.60 71.02 70.44 89E8 69.28 88.70 68.12

74.22 73.60 72.97 72.36 71.72 7110 70.47 6936 69.22 68.60 67.97 67.36 68.72 68.10



COMBUSTION EFFICIENCY TABLE FOR NUMBER 2 OIL

Properties of Number 2 Oil:

Molecular Weight: 208.0 ,bm’~ole

Specific Heat 0,480 ~

BTU
Enthalpy of Formation: -226 ~

Higher JIeating Value: 19612,0 ~

,;,’: ~;,:: .

Dry Products of Combustion ;:;:::;::;::::,:,..:..,.,

%
%01 %Co %Co, %N= %s0, E;y

COMBUSTION EFFICIENCY
(Efficiencies are listed by /lue gas temperature less surrounding temperature, “1?)

450 460 470 480 490 600 610 520 530 540 550 560 670 580

0.06
0.66
1 .)6
1.50
206
2.60
9.00
9.60
4.00
4.50
6.00
6.60
6.00
6.60
loo
7.60
$.00
8.60
9.00
9.60

I 0.00
10.60
11.00
11.60
12.60
12.60
19.60
1960
14.00
14.50

0.10 16.63 84.26
010 16.16 64.19
0.10 14.79 84 ml
010 14.42 8388
0.10 I 4.05 83.76
0.10 13.66 83.63
0.10 13.!31 83.60
0.10 12.93 8397
0.10 12.66 83.26
0.10 12.19 8312
0.10 11.82 83.00
0.10 11.46 B2.87
0.10 1 I .08 82.74
0.10 lo.7i %2.62
0.10 10.33 82.49
0.10 9.96 82.3’?
0.10 9.59 82.24
0.10 922 82.1 I
0.10 8.85 01.99
Olo 848 81.M
0.10 8.1 i 01.74
0.10 7.73 81 .6!
0.10 7.38 81.40
0.10 6.99 81.343
010 6.62 8! .23
0.10 626 81s1
0.!0 668 80.98
0.10 66i 80.85
0,1 Q 6.13 80.73
0.10 4.76 64M0

16.00 O.la 4.3s4 80.48

0.11 -0.22
0.11 2.06
0.10 4.44
0.10 6.96
0.10 9.69
0.10 12.38
0,09 16.32
0.09 18.42
0.09 21.71
0.09 26.26
0.08 26.96
0.06 32.86
0.08 37.06
0.08 41.66
0.07 46.36
0.07 61.63
007 67.10
0.07 63.11
0.06 69.61
O.rm 76.69
0.66 64.40
0.06 92.64
0.06 102.12
0.06 112.36
0.06 123.77
004 136.49
0.04 160.79
0.04 166.99
0.04 186.48
003 266.60
0.09 231.64

84.76 84.66 84.36 64.14 83.94 63.73 83.63 83.32 83.12 82.91 02.71 82.60 82.30 82.10
64.67 64.36 84.16 63.94 83.73 63.62 83.31 83.11 62.90 82.69 82.48 82.27 8206 81.86
64.37 64.16 83.04 83.73 83.62 63.30 83.09 82.68 62.86 82.46 82.24 82.02 81.61 81.60
64.16 83.94 f13.72 83.61 83.29 83.07 82.66 8264 82.43 82.20 81.98 81.76 81.66 81.33
83.94 83.72 83.49 8327 83.06 8283 82.60 82.36 82.16 81.94 81.71 81.49 81.27 81.06
83.71 83.46 63.26 83.03 82.60 82.67 8234 82.12 61.89 81.66 81.43 81.21 80.98 60.76
63.46 83.23 83.00 82.77 82.63 82.30 82.07 81 JJ.9 81.60 81.37 81.14 60.90 60.67 60.44
63.21 82.97 82.73 82.49 82.26 82.01 61.77 81.64 81.30 81.06 60.82 60.68 60.34 ‘ 80.11
82.93 82.69 82.44 82.20 81.96 81.71 81.47 81.22 eO.98 60.73 80.49 M.24 60.00 79.76
82.64 82.39 82.14 Ill .89 8164 81.39 81.14 60.89 80.64 60.38 60.13 79.88 79.63 79..38
82.33 82.06 81.82 81.66 81.30 81.06 80.7!7 80.63 80.27 60.02 79.76 79,60 79.24 78.99
82.01 81.74 81.48 81.21 60.96 80.68 8(142 60.16 79.89 79.62 79.38 79.10 78.83 78.67
6! .66 81.38 61.11 60.84 6W67 60.29 80.02 79.76 79.48 79.21 78.93 78.64 76.39 78.! 2
81.26 81.00 80.72 W44 80.16 79.68 79.60 79.32 79.04 78.76 78.48 78.20 77.9a 7764
60.68 60.69 80.30 13c.oi 7973 79.44 79.16 76.66 78.67 78.26 77.99 77.70 77.41 77.12
6(.46 60.16 79S6 79.6e 79.26 78.90 78.86 7838 78.00 77.77 77.41 77.17 76.87 76.67
7999 79.68 79.37 79.66 78.76 78.46 78.14 77.83 77.62 77.2! 76.90 7G.80 76.29 76.98
79.49 79.! 7 78.85 78.63 78.21 77.89 77.67 7726 76.93 7661 76.30 7698 76.IM 76.34
78.96 78.62 78.29 77.96 77.62 77.29 76.98 76.63 76.30 76.97 7664 76.30 74.97 74,64
78.36 78.02 77.67 77.33 76.98 76$4 76.30 76.96 76.61 76.26 74.92 74.68 74.23 73.89
77.72 77.36 7700 76.64 76.29 76.93 76.67 76.21 74.86 74.60 74.14 73.78 73.42 73.06
77.02 76.64 76.27 76,90 76.62 76.16 74.78 74.40 74.03 73.66 73.28 72.9i 72.64 72.16
76.24 76.66 76.46 76.07 74s36 74.29 73.96 73.61 73. I 2 72.73 72.34 71,95 71.66 71.17
76.39 74.96 74.67 74.17 7376 73.36 72.94 72.63 72. I 2 71.71 71.30 70.!?0 7049 7008
74.44 74.02 73.69 73.16 72,73 72.30 71.87 71.44 71.01 70.66 70.16 6972 69.21! 68.80
73.3!J 72.93 72.46 72.03 71.68 71.12 70.6? 70.22 69.77 !39.32 6W36 6841 67.96 67,6i
72.20 71.72 71.24 70.76 70,28 69.81 69.33 66.86 68.37 67.89 67.4! 6694 64346 66.98
70.86 7034 69.84 69.33 66.82 66.31 67.60 67.30 60.79 66.26 65.77 66.27 & 76 6426
69.31 6677 66.23 67.69 67.16 Lw61 66.07 66.62 64.98 64.44 63.90 63.36 62.82 62.28
67.64 68.96 66.36 66.843 66.22 64.64 84 .W 63.4.9 62.90 62.32 61.74 61.16
66.47 84.66

60.68 8000
6422 63.00 6297 62.36 61.72 6110 60.47 69B6 69.23 66.60 67.96 67.35
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COMBUSTION EJ?I?ICIENCY TABLE l’OI? NUMIH!X 2 OIL

Properties of Number 2 Oil:

Molecular Weight 208,0 ,bm]~ole

Specific Heat: 0.480 ~

BTU
Enthalpy of Formation: -226 ~

IIigher lIeaLing Value: 19612.0~

0.06
0.60
1 .W
1.66
2.06
2.66
960
9.60
4.60
4.66
6.60
6.66
6.00
6.60
7.06
7.60
11.GG
8.66
9.06
9.66

10.00
10.66
11.06
11.60
12.00
12.60
1s66
1360
14.00
14.MI
1s.00

010- 16.63 84 .?6
0.10 1616 84.13
0.10 14.79 84.06
0.10 14.4Z 83.88
0.10 14.06 83.76
0.10 1368 83.63
0.10 1331 83.60
0.10 1293 83.37
0.10 I 2.66 8326
0.10 12.19 83.12
0.10 1 I .82 83.00
0.10 11.46 82.67
0.10 1I .08 82.74
0.10 10.71 82.62
0.10 10.33 82.49
0.10 9.96 82.37
0.10 9.69 82.24
0.10 9.22 82.1 I
0.10 8.85 81.99
0.10 8.48 81.86
0.10 8.11 81.74
0.10 7.73 81.61
0.10 7.36 81 .4a
0.10 6.99 81.36
0.10 6.62 M .23
0.10 6.25 61.11
0.1o 6.86 86.98
0.10 6.61 8066
OJ o 6.1 S 66.73
0.10 4.76 86.64

0.11 -6.21
0.11 2.06
0.10 4.44
0.10 6.06
0.10 9.69
0.10 I 2.36
0.09 16.32
0.09 18.42
0.09 21.71
0.09 26.26
0.06 28.96
0.06 32.86
0.03 S7.06
0.06 41.66
0.07 46.36
0.01 61.63
0.07 67.10
0.07 63.11
0.06 69.61
0.06 76.69
O.lx 84.40
0.06 92.84
0.06 102.12
0.06 112.36
0.06 I 23.77
0.04 136.49
0.04 166.79
0.04 166.99
0.04 186.48
0.03 266.80

010 4.29 80.48 0.08 231.64

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, “F)

690 600 610 620 630 640 660 660 670 680 690 700 710 720

—
61.89 81.69 81.40 81.28 81.07 80.87 80.(33 80.46 86.26 66.06 79,64 79.64 79.43 79ZI
81.64 81.43 81.23 81.02 M.m w.ao 86.39 80.16 79.97 79.76 79.66 79.36 79.14 7893
m .38 a] J 7 60.66 80.74 80.63 60.32 60.1 I 79.86 79.66 79.47 79.26 70.04 78.63 7R.61
81.1 I 80.89 86.66 80.46 60.24 66.02 79.81 79.69 79.37 79.16 78.93 78.72 78.60 18,2a
60.82 86.60 60.36 60.16 79.94 79.71 79,49 79.27 79.06 76.82 78.60 78.38 78.16 77.93
80.62 80.30 60.07 79.84 79.G1 79.39 79.16 76.93 78.70 78.47 78.26 78,02 77.79 77.66
80.20 79.97 79,74 79.61 79.27 79.04 78.81 76.67 76.34 76.11 77.88 77.64 77.41 77.16
79.87 79.63 79.39 79.16 78.91 78.67 78.44 76.26 77.66 77.72 77.48 77,24 77.06 76.77
79.61 79.27 79,02 76.78 78.63 78.29 78.04 77.86 77.66 77.31 77.07 76.82 76.68 76.33
79.13 78.68 78.63 78.36 76.13 77.88 77.63 77.38 77.13 76.67 76.62 76.37 76.12 76.87
78.73 78.47 78.21 77.96 77,70 77.44 77.18 76.93 76.67 76.41 76.16 76.90 76.64 76..38
78.30 76.04 77.77 77.61 77.24 76.98 7671 76.46 76.18 76.92 76.65 76.39 76.1.7 74.86
77.64 77.67 77.30 77.03 76.70 76.48 76.21 76.94 76.67 76.39 76.12 74,85 74 .SJ13 74.31
77.36 77.08 7G.80 76.62 76.24 76.96 76.67 76.39 76.1 I 74.83 74.66 74.27 7399 7371
76.63 76.66 76.2S 76.97 7666 76.39 76.10 74.81 74.62 74.23 73,94 73.66 73.37 73.08
76.27 76.97 76.68 76.36 7608 74.78 74.46 74.18 73S2 73.69 73.22 72.99 72.69 72.39
76.67 76.36 76.06 74.74 74.44 74.13 73.82 73.61 73.26 72.89 72.68 72.28 71.97 71 .X3
76.02 74.70 74..38 74.66 73.74 73.42 73,10 72.78 72.46 72.14 71.82 71.60 71.18 70.66
74.31 73.98 13,66 73.32 72.99 72.66 72,31 71.99 71.66 71.33 7i.60 70.67 70.34 70.60
73.64 73.20 72.88 72.61 72. I 7 71.82 71.48 71.14 70.79 70.46 70.10 69.76 69.41 69.07
72.71 72.36 71,69 71.63 71.27 70.92 70.66 70.20 69.84 69.48 69.13 66.77 66.41 08.05
71.79 71.42 71.04 70.67 70.30 69.92 69.66 69.16 68.86 68.43 66.06 67.88 67.31 66.94
70.78 70.39 70.66 69.61 69.22 88.63 68.44 66,06 67.66 67.27 661t8 88.49 86.10 66.71
69.67 69.26 66.86 88.44 66.03 67.63 67.22 66.81 66.40 66.99 66.68 65,17 64.76 64.38
88.43 S8.oo 67.67 67.16 66.72 06.29 66.IM 66.43 66.00 64.67 64.14 63.71 63.28 62.86
67.06 68.60 66.16 66.70 66.24 64.79 64.34 63.89 63.43 62.98 62.63 62.08 61.62 61,17
66.66 66.02 64.M 64.07 63.69 63.11 62.63 62.16 61.67 61.26 60.72 60.24 69.76 69.26
63.74 63.24 62.73 62.22 61.71 61.26 60.70 60.19 69.66 69. I 7 68.67 68.16 67.66 67.14
61.74 61.19 eO.66 60.11 69.67 69.03 68.49 67.96 67.41 66J37 66.32 66.78 66.24 64.70
69.42 68.64 68.26 67.68 67.10 66.62 66.94 66.36 M.78 64.20 63.62 63.04 62.46 61.66
66.73 f%.] o 66.46 64.86 64.23 63.66 62.98 6236 61.79 61.10 66.46 49E6 49.23 48.60



COMBUSTION

Properties of Number 2 Oil:

Molecular Weight: 208.0-

Specific }Ieat: 0.480 ~

Enthalpy of Formation: -225 ~

Um 1
Higher }Ieating Value: 19512.0 ~

.,.,:,:/::::!
., :!;;:::::::

Dry Products of Combustion .:,:;;’:’,’”
.:.:.:,:?:,:
:.,::::,,:,.:

%
%01 %Co %Coi %Nl %s0, E:’”

~
-1.10

060
1.06
I .60
200
260
9.00
8.60
4.00
460
600
650
$00
860
7.00
760
6.00
8.60
900
9.60

10.00
1060
1100
1160
1200
1260
13.00
19.60
1400
14.50

060
0.60
060
060
050
060
0.60
0.60
0.60
0.60
0.60
060
0.60
0.60
0.60
0.60
O.m
0.50
0.60
0.60
0.60
0.60
0.60
0.60
0.50
0.60
0.60
0.60
0.60

1486 84.01
14.61 83.89
14.14 83.76
13.77 8363
1939 83.61
1302 83.38
1266 83.26
12.28 83.13
11.91 83.06
11.64 82.86
11.17 82.76
10.79 82.63
1042 82.60
10.06 82.37

9.88 82.26
9.31 82.12
8.94 82.00
8.61 8157
8.19 81.74
7.82 81.62
7.46 81.49
7.08 81.91
6.71 81.24
6.34 81.11
6.97 80.99
6.60 80.86
6.22 80.74
4.86 60.61
4.48 80.48

16.00 0.60 4.11 80.s6

0.11 1.13
0.11 9.48
010 6.94

0.10 8.64
010 1I .27
0.09 14.16
009 17.20
0.09 2042
009 23B4
0.06 27.47
008 31.32
0.06 36.44
0.08 39.83
007 44.63
0.07 49.67
007 64,99
0.07 60,66

0.00 67.18

008 74.06
0.06 81.63
0.08 69.72

0.06 98.71

0.06 108.62
0.06 119.61
0.06 131.88
0.04 146.60
0.04 161.13
0.04 178E1
0.03 199.19

EFFICIENCY TA.BLE FOR NUMBER 2 OIL

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, oF)

170 180 190 200 210 220 230 240 260 260 270 280 290 300

89.94 89.74 89.64 8933 69.13 88.93 88.72 88.62 81132 68.1 I 67.91 87.71
89.80 8!).65 8944 89.23 8!7.03 88.82 68.Gl 88.41 88.20 87.39 67.78 87.68
89.’76 89.66 89.34 89.13 8fL92 68.71 88.66 88.28 68.07 87.88 87.66 67.44
89.67 89.46 89.24 89.02 86.81 88.69 8%37 8816 87.94 87.73 67.61 67.29
89.67 89.36 89.13 8$.91 M.69 88.47 68.26 88.03 87.80 87.68 87 So 87.14
69.46 89,24 89.01 68.79 EM% 66.34 88.11 8788 67.65 87.43 87.21 66.98
89.36 89.12 68.89 6806 6843 88.20 87.97 87.74 8761 67.28 87.04 80.81
69.23 89.00 08.76 88.63 88.29 88.06 87.82 67.68 87.34 87.11 E!4167 80.64
8911 88.87 88.G3 88.38 64LI 4 87.90 87.06 87.42 87.17 86.93 80.69 86.46
8f198 68.73 8L.48 68.23 87.98 87.74 87.49 87.24 86.99 e43.74 8650 W.26
68.64 88.68 66.33 86.07 87.62 87.66 87.31 .97.06 66.60 88.64 86.23 60.03
6869 88.43 88.17 87.90 87.04 87.38 67.12 W.86 34%69 86.33 %.07 8681
W.63 8826 87.99 67.72 87.46 8716 86.91 80.64 86.38 66.11 86.84 86.67
88.36 68.08 87.81 87.63 87.26 80.97 68.70 8t42 68.14 86.87 86.69 86.31
86.18 67.89 67.GI 87.32 87.04 86.76 86.46 60.18 86.69 85.61 86.32 66.04
87.98 87.69 87.39 87.10 86.60 86.61 88.21 86.92 86.62 8633 86.03 84.74
87.77 87.47 67.17 66.66 86.66 86.26 86.96 86.64 86.34 86.03 84.73 84.42
87.66 87.23 86.92 86.00 88.29 86.97 86.66 8634 66.03 84.71 84.40 84.08
8730 66.98 86.66 86.32 Ik.oo 66.67 85.34 65.02 64.69 64.36 8404 63.71
87.04 86.70 80.36 86.02 86.06 85.34 86.00 84.66 84,32 63.99 63.66 83.31
66.76 80.40 86.04 86,69 65.34 64.99 64.63 84 la 83.93 83.67 83.22 62.87
80,43 80.07 85.70 86.33 64.96 64.69 84 m 83.88 03.49 83.12 82.76 82.39
66.09 86.70 86.32 84.99 84.66 84.17 63.76 83.40 83.01 62.63 82.26 61.86
86.70 66.30 84 .M1 84.60 Mlo 83.69 63.29 8289 82.49 82.09 81.38 Eli.2E
65.28 84.80 84.44 84.01 63.69 8317 82.76 62.33 61.90 81.48 61.06 60 G4
64B1 84.36 83.92 83.47 63.03 82.69 62.14 81.70 61.25 80.81 60.37 79.92
84.27 83.81 83.34 82.87 8240 81.93 RI .46 60.69 80.62 80.06 79.69 79.12
83.67 63.16 82.08 82.18 81.69 81.19 80.69 80.20 79.70 79.20 78.70 76.21
82.99 82.46 81.93 81.40 80.88 8036 79.82 79.29 78.76 76.23 17.70 77.17
82.21 El .64 61.07 80.61 79.94 79.38 78.81 76.26 77.68 77.11 76.66 76.98

447.60 87.30
87.37 87!0
87.23 87.02
87.08 RGW3
86.92 80.70

86.76 t?G.63
86.58 8635

86.40 6016
86.20 86.06
80.00 86.76
85.78 86,62
85.66 86.2n
86.30 8603
85.03 84.76
64.76 64.46
84.46 8416
84.12 83.61
83.76 83.46

8338 8300

82.97 82.63
82.62 82.16
8202 81.66

8} .48 81 .J9
80.88 80.48

8022 79.79

79.48 7903
78.66 78.! R
77.71 77.21
76.64 76.! t

7642 74.86

0.03 222.791 61.20 80.69 IW.08 79.47 78.88 78.26 77.84 771M 76.43 76a2 76.21 74.60 ?3.99 73.36
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COMBUSTION EFFICIENCY TABLE FOR NUMBER 2 OIL

Properiiee of Number2 Oil:

Molecular Weight 20&0 &

BTU
Specific Heat 0.480 ~

Enthalpy of Formation: -226 ~

Higher Heating Value: 19512.0 ~

0.60
1.00
1.66
2.00
2.343
L1.oo
9.60
4.00
4.60
6.06
660
6.00
6.66
7.00
7.60
800
8.60
9.00

9.60
10.06
I 0.60
11.00
11.66
12s)0
1260
1900
19.66
1400
14.60
16.00

0.60 14.88 64.01
0.60 14.51 63.89
0.60 14.14 83.76
0.60 13.77 83.63
0.60 13.39 63.61
0.60 13.02 83.98
0.60 12.66 e3.26
0.66 12.26 63.13
0.60 11.91 83.00
0.60 11.64 82.83
0.60 11.17 62.76
0.66 10.79 82.63
0.66 I 0.4!4 az.ao
0.60 10.06 62.37
0.60 9.66 82.26
0.60 9.31 82.12
O.&l 8.94 82.00
0.60 8.67 81.87
0.60 8.19 61.74
0.66 7.82 81.62
0.60 7.46 81.49
0.60 7.08 6127
0.60 6.71 81.24
0.60 6.24 61.11
0.60 6.97 80.92
0.60 6.60 80.8S
O.m 6.22 80.74
0.60 4.86 60.61
0.60 4.40 W.48

0.11 -l.l C
ili i 1.13
0.11 s.4fl
0.10 6.94
0.10 8.64
0.10 11.27
0.03 )4.16
0.09 17.20
009 20.43
009 2S.84
0.06 27.47
0.08 91.32
0,08 36.44
0.06 89.83
0.07 44.63
0.07 49.67
0.07 64.29
0.07 86.86
0.00 67;16
Oslo 74.06
Oml 81.63
0.06 66.72
0.06 66.71
0.06 106.62
0.06 119.61
0.06 191.86
0.04 146.60
0.04 )61 J 3
0.04 178.81
0.09 199.13

0.60 4.11 ms 0.03 222.73

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, oF)

310 320 330 340 350 360 370 380 390 400 410 420 430 44(I

87.10 86.90 8&G9 86.49 8W29 60.08 85.86 86,66 86.47 86.27 86.07 84.86 84.66 84 .4C
86.66 i?4i.76 86.64 60.33 66.!3 86.92 86,11 86.61 85.30 86.06 64M 64.66 84.41
86.81

84 .za
86.69 86.38 80.17 86.96 86.76 86,64 86.83 86.11 64.90 84.69 04.48

86.66
84.27 84 M

86.43 86.22 86.00 86.78 86.67 86.36 85.14 M .92 84.70 &4.49 04.27 84.06 83.84

86.46 86.26 86.04 86.82 86.60 85.38 86.16 64.94 64.72 84.60 84.28 a4 .06 83.63 83,61
86.31 66.08 66.88 66.63 86.40 86,18 64.96 64.78 64.60 8+26 64,06 83S3 a3f50 83.37
88.12 86.89 85.66 86.43 85.20 84.97 04.74 64.61 84.28 6404 83.81 83.68 83.36
86.93

83} 1
86.69 86.46 06.22 W.98 84.76 84.61 84.27 84.04 also 83.66 83.33 8309 8286

66.72 86.48 86.24 64.W 84.76 IMfil 64.27 84.03 83.78 83.64 83.30 8308 82.82 82.61
86.60 85.26 86.01 84.76 84.61 84.26 84,01 83.76 83.62 6327 83.02 82.77 82.62 8227

86.27 86.01 84.76 84.6i 84.26 84 .S)0 83.74 03.49 83.23 82.98 82.72 82,47 82.21 81.96
86.02 64.76 84 .flo 84.24 83.98 83.71 83.46 83.19 82.93 82.67 82.40 82.14 81.68 81.62

64.76 64.49 84.22 83.96 83.68 8.%.41 83.14 82.87 82.61 82.34 82.07 81 SO 81.63 8126

64.48 64.20 63.92 83.66 83.37 83.09 82.82 82.64 82.26 81.98 81.71 81.43 81.16
64.18

80.87

83.89 83.61 8332 83.03 82.76 82.46 62.18 81.89 81.61 81.32 61.03 80.76 80.40

82s6 83.66 83.27 82.97 82.66 82.38 82.02 81.79 81.60 81 .m 80.91 80.61 60.32 8&02

83.61 62.20 82.90 82.69 82.29 81.96 81,66 81.37 81.07 60.77 60.48 S0.18 79.86 79.66

83.13 62.82 8266 82.19 81.87 81.66 81.24 00.93 t?O.61 80.30 79.06 79.66 79.35 79.03

82.7.9 82.40 82.07 81.76 61.42 81.09 60.77 00.44 60.11 79.79 79.46 79.13 78.81 78.48

82.26 81.96 81.61 61.27 60.93 80.69 80.26 79.91 79.67 79.24 78.9o 78.66 78.22 77.68

81.81 81.46 81.10 60.76 80.40 80.06 79.69 79.34 78.92 78.63 78.28 77,93 77.68 77.22

81 .2a 60.92 60.66 80.18 79.S2 79.46 79.06 78.71 78.34 77.98 77.61 77.24 76.87 76.61

60.71 60.33 79.94 79.66 79.17 78.79 78,41 78.02 77.64 77.26 76.87 76.49 76.10 76.72

80.08 79.67 79.27 76.87 78.47 78.07 77.06 77.28 76.66 76.46 76.oO 76.S6 76.26 74.86
79.37 78.96 78.63 78.1 I 77.69 77.28 76.84 76.42 76.00 76.68 76.16 74.73 74.31 73.89
78.69 78.16 77.70 77.28 76.81 76.37 76.92 76.48 76.04 74.69 74.16 73.70 73.28 72.82

77.71 77.24 76.77 76.30 76.83 76.36 74.60 74.43 73.26 73.49 73.02 72.66 72.06 71.61
76.72 76.22 76.72 76.22 74,73 74.23 73.73 73.24 72.74 72.24 71 .?4 71.25 70.76 70.26

76.6S 76.06 74.63 74.60 73.47 72.94 72.41 71.86 71.36 70.82 70,23 69.76 69.23 68.71
74.2a 73.72 73.16 72.69 72.02 71.46 70.89 70.32 66.76 69.19 68.62 66.00 67.49 84.93

72.77 72.17 71.66 70.96 7034 69.73 69.12 86.61 67.60 6730 88.69 68.0s 86.47 64.80



COMBUSTION EFFICIENCY TABLE FOR NUMBER 2 OIL
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Properties of Number 2 Oil:

Molecular Weight 208.0 ~bm’~ole

Specific lieat: 0.480 ~

Enthalpy of Formation: -226 ~

nigher Heating Value: 19612.0 ~

.:,:::,;:{::;,::::::::,::,:.,.............:::::,:?:::,:,
Dry Products of Combustion ~;i:!:;~~!;!;

n
%01 %Co %Co, %N2 %Sq E;:”

~
.1.10

0.66
1.60

1 .m
2.00
2.66
200
350
4.01
4.66
6.06
660
6.06
6.60
7.06
7.66
8.66
860
9.06
9.60

10.00
10.60
11.66
11.60
1206
12.60
l!41m
13.60
14.00
14.60

0.60
0.60
060
0.60
0.60
0.60
0.66
060
0.66
060
0.66
0S$0
0.60
0.66
0.60
0.60
066
0.60
0.60
0.60
0.60
O.EAI
0.60
0.66
0.60
0.60
0.66
0.60
0.60

16.06 0.60

14.86
14.61
14.14
13.71
13.39
13.02
12.66
12.28
11.91
11.64
11.17
10.79
10.42
10.06

9.86
9.91
6.94
8.67
819
7B2
7.46
7.08
6.71
6.34
6.97
6.80
6,22
4.86
4.46

84.01
83.a9
83.76
63.63
83.61
a3.36
83.28
83.13
83.00
62.86
82.76
82.63
82.60
62.97
82.26
62.12
82.00
81.87
81.74
81.62
81.49
81.37
61.24
81.11
80.99
80.86
60.74
80.61
80.48

4.11 80.36

0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.06
0.06
0.03
0.08
0.07
0.07
0.07
0.07
0.66
0.06
0.06
0.06
0.06
0.06
0.05
0.06
0.04
0.04
0.04
0.03
0.03

1.13
3.46
6.94
8.64

1 I .27
14.16
I 7.m
20,42
23.84
27.47
31.32
96.44
99.83
44.63
4967
64.99
60,85
67.i 6
74.06
81.63
89.72
98.71

106.62
119.61
19186
146.60
161.13
176.61
199.13
222.79

COMBUSTION EFFICIENCY
(lZfficiencies are listed by /l ue gas temperatww less surrounding temperature, OF’)

460 460 470 480 490 600 610 620 630 640 660 660 670 680

84.26 84.06 83.a6 83.66 83.44 83.24 83.04 82.63 82.63 62.43 62.22 62.02 al 82
64.08
63.86
63.62
63.39
63.16
82.89
62.62
62.33
82.03
61.70
81.36
80.99
80.66
80.18
79.73
79.24
78.72
78.16
77.64
76.87
76.14
76.34
74.46
73.47
72.37
71.14
69.76
66.16
60.30
64.26

83.86
63.63
83.41
83.17
82.92
82.66
62.38
82.09
81.78
81.46
6I.1O
80.72
80.32
79.89
79.43
78.94
78.40
77.63
77.20
76.62
76.77
74.96
74.06
73,06
71.93
70.66
69.26
67.86
86.79

83.84
83.42
83.19
82.96
82.70
82.43
82.16
81.86
81.63
81.19
86.83
80.46
8(04
79.61
79.14
76.63
76.09
77.60
76.86
76.18
76.40
74.67
73.66
72.62
71.46
70.21
08.78
67.12
66.23

83.43
83.21
82.98
82.73
82.47
82.20
81.91
61.60
81.28
60.94
80.67
80.18
79.77
79,32
76.84
78.33
77.77
77.17
76.62
76.81
76.04
74.16
73.24
72.20
71.04
69.74
68.27
06.69
84.68

83.23
63.66
82.76
82.61
62.26
81.97
81.67
81.36
81.03
80.68
60.31
79.91
79.49
79.03
78.66
78.02
77.46
76.86
76.18
76,46
74.67
73.80
72.84
71.78
70.60
69.27
67.77
60.06
64.10

63.02
82.79
82.66
82.29
62.02
81.74
ill ,44
81.12
80.78
60.43
80.06
79,64
79.21
76.76
76.26
77.72
77.14
76.62
76.64
76.1 I
74.30
73.42
72.44
71.36
70. I 6
06.ea
67.27
66.63
63.63

82.81
82.6a
82.33
62.07
81.60
61.61
61.20
86.88
80.64
80.17
79,79
79.37
78.93
78.46
77.96
77.41
76.83
76.19
76.60
74.76
73.93
73.03
72.04
70.94
69.71
68.33
60.77
66.00
62.96

63.64 63.03 62.43 61.82 61.21 80.60

02.61
82.37
82.11
81.66
81.67
61.28
80.97
80.64
80.29
79.92
79.62
79.10
78.(?43
76.18
77.(M
77.11
76.61
76.67
76.16
74.40
73.68
72.66
71.84
70.61
69.28
67.66
66.28
84.47
62.40
69.99

62.40
62.16
81 .S6
61.63
81.34
61.05
60.73
80.39
80.64
79.66
79.26
7a.84
76.38
77.89
77.37
76.66
76.20
76.64
74.82
74.06
73.20
72.2S
71.23
70.09
8&62
67.39
66.78
63.94
61.63
69.38

82.19
61.94
61.86
81.41
81.12
86,81
60.49
60.16
79.79
79.41
79.06
78.67
76.10
77.61
77.07
76.60
76.66
76.21
74.49
73.69
72.63
71.86
70.83
69.67
88.38
68.92
86.28
63.41
61.27
68.77

61.98
81.73
81.47
81.19
80.89
86.68
80.26
79.91
79.54
79.16
76,74
78.30
77.62
77.32
76.78
76.19
76.67
74.88
74.16
73.34
72.46
71.60
70.43
6!4.26
67.93
66.46
64,79
62.89
60.70

61.76
81.62
81.26
80.97
86.67
80.36
80.02
79.67
79.29
76.90
76.46
76,o3
77.66
77.03
76.48
76.89
76.26
74.66
73.81
72.99
7209
71.11
70.03
68.83
67.49
66.99
64.29
62.38
66.14

61.67
Ill .31
81.03
80.76
86.44
86.12
79.78
79.43
79.06
78.64
78.21
77.76
77.27
76.76
76.1 P
76.66
74.93
74.23
73,47
72.64
71.73
70.73
69.63
6&41
67.04
66.62
63.79
61.83
69.67

81.61
61.36
81.10
86.62
86.63
86.22
79.89
79.66
79.18
78.80
76.39
77.96
77.49
76.99
76.46
76.89
76.2S
74.62
73.90
7313
72.28
71.38
70.34
69.22
67.98
68.60
66.06
63.29
61.30
69.06

66.17 67.68 66.96 68.34



COMBUSTION EFFICIENCY TABLE FOR NUMBER 2 OIL

Properties of Number 2 Oil:

Molecular Weight: 208.0 ~bml~ole

Specfic Ileat 0.480 ~

Enthalpy of Formation: -226 ~

Higher Heating Value: 19512.0 ~

............:::;:;::;,,,,
,::!:::::::::;.;:, ::~;::~::;

DIY Products of Combustion :!:!3:::!:;:.............

%0, %Co %Coa %N2 %s0, +“
1 1

0.00 0.60 16.26 64.14 0.11 -1.1(
0.60
1 .ml
1.60
2.00
2.60
9.00
9.60
4.00
4.60
6.00
6.60
mm
6.60
7.00
7.60
8.00
8.60
9.00
9.60

10.00
10.60
11.U)
11.60
12.00
I2.60
19.00
1S.w
14.00
14.60

0.60 14.68 84.01
0.60 14.61 83.89
0.60 14.14 83.76
0.60 13.77 83.63
0.60 I 9.99 63.61
0.60 13.02 83.3s
0.60 12.65 63.26
0.60 12.28 83.13
0.60 11.91 83.00
0.60 1) .64 82.66
0.60 11.17 82.76
0.60 10.79 82.63
0.60 10.42 82.60
0.60 10.06 82.37
0.60 9.6s 82.26
0.60 9.91 82.12
0.60 8.94 82.00
0.60 8.67 81 B7
0.60 8.19 81.74
0.60 7.82 81.62
0s$0 7.45 61.49
0.60 7.06 81.37
0.60 6.71 61.24
0.60 6.34 61.11
0.60 6.97 60.99
0.60 6.60 60.86
0.60 6.22 80.74
0.60 4.86 60.61
0.60 4.40 80.48

16.00 0.60 4.11 80.86

0s 1
0.11
0.10
0.10
0.10
0.09
0.0s
0.09
0.09
006
0.06
0.06
O.M
0.07
0.07
0.07
0.07
0.06
0.00
0.00
0.06
0.06
0.06
0.06
0.06
O.M
004
O.M
0.03

11:

9.4f
6.94
6.64

11.27
14.11
1 7.2X
20.41
23.64
27.47
w .3!
96.44
39.63
44.63
49.67
64.29
60s6
67.liI
74.06
61.63
69.72
98.71

108.61
119.61
13126
146.60
161.13
178.81
1931s

0.03 222.79

COMBUSTION EFFICIENCY
6!V,7iCienCiesare listed by /lue gas tenlperatum less surrounding temperature, oF)

590 600 610 620 630 640 650 660 670 680 690 700 710 720

01.41 81.21 81.01 66.60 60.00 80.40 80.19
61,16 80.96 80.74 66.63 80.33 80.12 79.91

80.89 80.67 80.46 60.25 66.04 79.83 79.62

60.60 80.39 60.17 79.96 79.74 79.62 79.31

80.31 80.06 79.86 7964 79.42 79.20 78.98
79.99 79.77 79.64 79.32 79.09 78.68 76.64

79.e41 79.43 79.20 78.97 78.74 78.61 78.26
79,31 79.08 76.84 78.66 76.37 78.1 s 77.69
78.94 78.70 78.46 78.22 77.97 77.73 77.49
78.6S 78.30 78.06 77.60 77.66 77.31 7706
78.13 77.86 77.62 77.37 77.11 76.66 76.60

77.69 77.43 77.17 76.91 76.64 76.36 76.12

77.22 76.96 76.66 76.41 76.14 76.87 76.66
76.72 76.44 76.16 76.83 76.61 76.33 76.06
76.16 76.89 76.60 76.32 76.03 74.76 74.46

76.60 76.30 76.01 74.71 74.42 74.12 73.83
74.9.9 74.67 74,37 74.06 73.76 73.46 73.16

74.30 73.99 73,67 73.36 7304 72.73 72.41

73.68 73.26 72.92 72,60 72.27 71.94 71.62
72.79 72.46 72.11 71.77 71.43 71.09 70.76

71.93 71 .6a 71.22 70.87 70.62 70.17 69.81

70.92 70.62 70.26 69,89 69.62 69.16 6S.78

69.96 69.68 69.19 66.81 68.42 6604 67.66

66.a2 66,42 66.02 67.62 67.21 66.81 66.41

67.68 67.14 66.72 66.30 66.67 66.46 66.03

26.16 G6.71 6&27 64.62 64.36 63.94 63.49

84 .6s 64.11 63.64 63.17 62.70 62.23 61.77
62.80 62.30 61.60 61.31 60.61 60.31 69.f12
60.77 60.24 69.71 69.1fI 68.66 6S.12 67.69
68.44 67.S7 67.31 66.74 66.17 66.61 66.04
66.73 66.12 M.61 629!l 63.30 62.69 62.06

79.99 79.79 79.66 79..3a 79.18 76.97 78.77
79.70 79.60 79.29 79.06 76J36 7&67 78.46
79.41 79.19 76.98 78.77 7il.6a 78.36 76.14
79.09 78.88 76.66 78.44 78.23 78.01 77.s0
76.76 76.64 76.32 78.10 77.6s 77.66 77.44
70.41 76.19 77M3 77.74 77.61 77.29 77.06
76.06 77.61 77.68 77.36 77.) 2 76.89 76 ie
77.66 77.42 77.18 76.96 76.71 76.48 76.24
77.26 77.00 76.76 76.62 76.2J3 76.04 76.79
76.61 76.66 76.31 76.07 76.82 76.K7 76.32
76.36 76.09 76.84 76.66 76.33 76.08 74.82
76.60 76.60 76.93 76.07 74.81 74.66 74.29
76.33 76.06 74.80 74.63 74.26 73.99 73.72
74.77 74.60 74.22 73.94 73.67 73.39 73.11
74.18 73.69 73.s0 73.32 73,03 72.76 72.46
73.63 73.24 72.94 72.66 72.36 72.06 71.76
72.64 72.64 72.23 71.93 71.62 71.32 71.01
72.10 71.76 71.47 71.16 70.83 70.62 70.20
71.29 70.96 70.64 70.91 69.96 69.06 69.33
70.41 70.07 69.74 69.40 69.06 68.72 68.38
69.46 69.11 68.76 68.40 66.06 67.70 67.34
66.42 6S.06 67.66 67.31 66.95 66.68 66.21
67.27 06.89 66.60 66.12 66.74 65.36 64.97
66.01 66.61 66.21 84.60 64.40 64.00 63.3A)
64.61 64.19 63.77 63.34 62.92 62.60 62.OR
63.06 62.60 62. I 6 61.72 61.27 60.83 60.38
61.30 60.83 00.36 6989 69.42 68.96 66.48
69.32 68.82 66.32 67113 67.33 66.83 66.34
67.07 66.64 66.01 66.46 64.96 64.42 63.89
64.46 63.91 63.34 62.78 62.21 61.66 61.08
61.47 60.86 60.26 49.64 49.03 46.43 47412
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COMBUSTION EFFICIENCY TN3LE FOR NUMB13R 6 OIL

Properties of lVum& 6 Oil:

Molecular Weight 338.0 +

mu
Specific Heat 0.480 ~

Enlhdpy of Formation: -167 ~

Higher Heating Value: 18300.0 ~

060
1.)0
1.60
2.00
2.60
900
9.60
400
4.60
6.06
66J3
6.00
650
7 O(3
760
8.06
8.60
900
9.60

10.00
10.66
11.00
1150
12C41
12.60
13.(HI
19.60
1400
14.60

000 16.11 8329
0.06 16.72 8318
0.00 16.33 83.08
0.00 14.94 82.97
000 14.64 8287
0.00 14.16 82.77
006 13.76 6268
0.00 13.36 62.66
060 1297 8246
0.00 1266 82.36
0.06 12.19 82.24
O.m I 1.79 82.14
0.06 11.40 82.03
0.00 11.01 81.93
0.00 10.6I 81.82
0.00 10.22 61.72
006 9.83 81.61
0.06 9.44 81.61
0.00 9.04 81.40
0.00 8.66 81.30
000 8.28 81.19
0.60 7.68 81.09
0.06 7.47 80.98
000 7.08 80.88
0.00 6.69 80.77
0.60 6.29 66.67
0.00 6.90 86.68
0.06 5.61 86.46
0.06 6.11 80.36

0.10 231
0.09 473
0.09 7.28
0.09 9.98
0.09 12.78
0.08 16.77
o.oe 18.92
006 22.26
0.06 26.60
0.08 26.66
0.07 33.66
0.07 87.63
0.07 42.40
0.07 47.23
0.06 62.M
0.06 66.26
0.08 6+31
0.08 70.93
0.06 78.12
0.06 (46.97
0.06 94.66
0.06 164.01
0.04 114.46
0.04 I 28.C43
0.04 139.03
0.04 163.62
0.04 170,16
0.03 189.06
0.03 210.84

16.60 0.00 4.71 80.26 0.03 236.28

COMBUSTION EFFICIENCY
(E/licicncies are listed by tlue gas temperature less surrounding tenlperature, oF)

170 180 1!)0 200 210 220 230 240 260 260 270 280 2!)0 300

91..72 91.12 9091 .90.70 6(.60 90.29 90.08 89.68 89.67 89.46 89.26 89.06 8884 8864
91.26 91.04 90.83 90.62 9(.41 90.20 89.96 89.77 89.6a 8936 89.14 88 !?3 88.72 8R.61
91.17 90.96 90.74 90.63 90.31 9C.10 89.68 89.67 89.46 89.24 89.02 68.81 88.59 88.37
91.09 90.87 90.66 90.43 90.21 8999 m.11 89.66 89.33 8911 88.89 88.67 88.46 86.23
91.01 9079 9&66 90.34 90.11 8!?.8!? 89.68 89.44 89.21 8899 88.76 88.64 88.31 8809

90.92 90.69 W.46 W 23 woo 89.77 8954 89.31 89.08 88.R6 88.62 8839 88.16 87.93

WJ.83 90.69 90.36 9012 89.89 89.66 8941 t39.18 88.94 88.71 88.47 88.24 86.00 87.77
60.73 90.49 90.26 w 01 89.76 89.62 8928 89.04 8880 88.68 8&32 88.07 87.83’ ‘ 87.59
60.63 90.38 9013 89.88 8964 89.39 89.14 M.89 88.64 8840 88.16 67.90 87.66 87.41
90.61 90.26 9001 8976 139.tio 1+924 8899 8874 88.48 6823 67.97 67.72 87.47 87.21

90.40 90.14 8987 89.61 89.36 8909 Ml 53 8867 88.3! 88.06 87.79 87.63 87.26 87 .X3

90.27 90.06 8!773 89.47 8920 M 93 f!rwo 88.39 88.12 87.68 87.69 87.32 67.06 80.78
W.14 89.60 89.69 89.31 89.03 88.76 R8.48 88.20 87.93 67.66 R7.3R 87.10 60.82 8665

89.99 69.71 8943 89.14 8686 88.67 88.29 8800 87.72 87.43 87,16 86.88 e4J.68 86.29

89.84 89.66 89,26 86.98 68.67 88.37 68.08 87.79 87.49 87.20 8691 86.61 86.32 M.oz
(49.68 89.37 69.07 88.77 86.46 88.16 07.80 87.66 87.26 88.96 80.84 8034 86.04 86.73

89.60 69.19 8&67 86.68 88.26 87.93 87.62 87.30 86.99 ffi.68 66.38 8006 86.14 85.42

89.31 88.98 88.60 88.33 843.01 87.68 87.36 87.03 86.71 66.38 e6.06 8674 8641 86.09

89.10 88.76 88.43 86.09 67.76 87.42 87.08 86.74 8&41 86.07 86.73 86.39 85.043 84.72
86.68 88.63 88.18 87.63 87.46 87.12 86.77 86.42 86.07 86.71 86.37 86.02 84.67 84.32
88.63 86.27 87.90 87.64 87.17 66.8! 6644 60.08 86.71 86.36 84.98 84.62 64.26 83.89
88.36 87.96 67.06 87.22 86.84 8(.46 86.08 86.70 86.32 84.94 64.68 84.18 83.RO 83.42

66.07 87.67 87.27 86.87 86.47 86.08 66.68 86.26 84.68 84.48 84.09 83.69 83.29 82.89

87.74 87.32 8690 88.49 8s.07 86.66 8524 84.62 84.40 83.99 83.67 83.16 82.73 82.32

87.37 86.94 86.66 86.66 66.62 66.18 84.74 8431 83.87 83.43 82.99 62.66 62. I 1 81 .-xi
86.97 86.61 88.04 66.68 86.12 8468 84.20 83.73 83.21 828} 82.36 81 W

66.61 88.02 86J53 86.04 84.56 84.07
8142 6096

83.68 83.09 82.60 82.1 I 81.62 81.13 80.64 80.15

65.99 86.47 6490 84.44 8392 8340 82.88 82.30 81.34 81.32 60.80 Ml 2a 79.76 7924

86.40 84 .S5 64.29 83.74 63.19 62.63 82.08 81.62 80.97 60.42 79.68 79.31 78.76 78.20

84.72 84.13 f)3.63 82.94 82.34 81.76 81.16 80.66 79,97 79.37 78.76 78.18 77.69 77.00

63.92 83.26 82.84 62.00 61.36 80.72 80.08 79.44 78.80 7846 ??.62 76.67 76.23 76,69



COMBUSTION 131W’ICIENGY TABLE FOR NUMBIIR (1OIL

Properties ofIVum&er6 Oil:

Molecular Weight: 338.0 ,bm’\ole

Specific Iieat: 0.480 ~

Enthalpy of Formation: -167 ~

mu
Higher lIeating Value: 18300.0 ~

0.00 0.60 1661 83.39 0.10 -6.00
0.60
1.00
1.60
2.06
2.60
3.00
3.60
4.03
4.60
6.00
6.50
6.00
6.66
700
7.66
8.00
8.60
900
9.60

10.00
10.60
1100
11.66
12.00
12.60
1S.oo
19.60
1400
14.60
16.(NI

0.60 16.11 09.29
0.60 1 &72 83.1 e
0.06 16.33 63.03
006 14.94 82.97
000 14.64 82.87
0.06 14.16 62.77
0.60 13.70 82.66
0.00 1 3.2a 82.63
0.00 1297 82.46
0.66 126s 82.3S
0.00 1219 82.24
000 11.79 82.14
0.00 11.40 82.03
0.60 11 .Ot 81.93
O.fm 10.61 81.82
0.60 1022 BI .72
O.lm 983 81.61
0.00 9.44 81.61
O.(HJ 9.04 Bl .40
0.00 8.66 81.30
0.00 8.26 BI.19
0.00 7.IM B1 .M
0.00 7.47 WJ.94J
060 7.68 B6B?3
0.00 6.62 ml?7
0.00 629 WJ.67
0.00 6.80 30.68
0.08 6.61 80.46
O.(XI 6.11 80.33

0.00 4.7!4 60.26

0.10 2.31
003 4.79
0.09 7.28
0.02 9.96
0.09 12.78
0.06 16.77
0.66 18.92
0.08 22.26
0.08 26.60
008 29.50
0.07 33.66
0.07 97.63
0.07 42.40
0.07 47.29
0.06 62.64
0.06 68.26
0.06 64.31
0.66 70.93

0.05 78.12

0.05 66.97
0.66 84.66
0.06 164.01
0.64 114.46
0.04 126.08
0.64 138.03
004 163.6’2
0.04 170.16
0.03 189.06
0.03 21OB4
003 2M.28

COMllUSi’ION EFFICIENCY
(Efficiencies are listed by /lue gas temperature less surrounding temperature, “F)

310 320 330 340 350 360 370 380 390 400 410 420 430 44(1

66.43 86.22 68.02 87.81 87.60 87.40 87.19 80.98 86.’78 66.67 66.36 60.16 85.96
66.30

86.74
68.69 87.88 67.66 87.46 87.24 07.03 66.62 68.61 66.40 66.19

68.16
86.90 86.77

87.94
86.66

!37.73 87.61 87.30 8706 66.87 66.66 66.44 66.22 86.01
66.01

86.79 86.67 85.30
87.79 87.67 87.36 87.13 66.91 86.69 66.47 60.26 66.03 86.81 86.69 86.37

87.68
86.16

87.64 87.41 87.19 I!4w8 66.74 W3.61 86.29 86.06 86.84 86.61
$7.70

B5..39 86.16 84.94
87.47 87.24 87.01 88.78 68.66 e4i.92 66.09 86.66 86.63 65.40 66.17 64.94

87.63
64.71

67.23 87.06 86.82 66.69 %.36 6412 66.86 B5.64 86.41 85.17 84.94 84.70
87.36 87.11

8447
86.67 6&G3 66.38 66.14 86.90 66.68 86.42 86.} 8 84.94 84.69

87.16
84.46 84.21

66.91 68.66 6642 60.17 6692 86.67 86.43 86.18 84.93
86.95

84.68 84.44 84.19 M 94
66.70 66.46 06.20 86.94 86.69 $643 66.18 84.92 64.67 84.42 64.16 63.9!

68.74
63.66

66.48 86.22 86.96 66.70 8644 6618 64.92 64.66 84.39 R413 83.87 83.6!
66.61

8336
86.26 65.96 86.71 86.44 66.17 64 .W 84.64 84.37 84.i O 83.83 83.66 8329

86.27
8303

M .99 66.72 86.44 t16.17 8489 84.61 84.34 64.08 8378 8361 83.23 62.98
66.01

8266
86.73 6644 66.16 64.87 84.69 64.30 64.02 03.73 93.46 83.16 62 Ml 82.60 w 31

65.73 86.44 86.14 84.85 84.66 64.26 83.97 63.68 83.38 83 .W 82.60 82.60 82.21 fli .91
66.43 86. I 3 84.83 64.62 64.22 63.92 8361 83.31 83.01 82.70 82.40 8210 81.79 81.49
66.11 84.60 84.48 84.17 63.86 63.64 83.23 82.91 82.86 !32.29 81.97
84.76

81.66 El .36 81.03
84.44 84.11 83.79 63.46 83.14 82.81 82.49 82.16 81.84 81.61 81.19 60,66 60.64

84.36 64.06 83.71 83.37 83.03 82.70 82.36 82.02 61.69 81.36 81.01 80.68 eQ.34 6600
63.97 63.62 83.27 82.92 82.67 82.22 El .87 81.62 BI.17 6082 8(.47 80.! 2 79,77 79.42
6363 83.16 82.66 82.43 82.07 81.70 81.34 3Q.97 60.61 60.24 79.66 79.61 79.16 78.78
83.03 82.66 62.27 81.89 81.61 81.13 60.76 80.37 79.29 79.61 7923 78.B6 78,47 78.09
82.60 82.10 81.70 El .30 60.90 66.61 80.11 79.71 79.31 78.92 78.62 78.12 77.72 77.32
81.96 81.48 81.07 60.66 80.22 79.81 79.40 78.98 78.66 78.16 77.73 77.31 76.90 76.48
81.24 80.60 86.38 79.92 79.46 79.06 78.61 713.I 7 77.73 77729 7686 76.42 76.98 76.64
60.60 80.04 79.67 79,11 78.66 78.19 77.72 77.20 76.80 76.34 76.88 76.41 7496
79.67

74.49
79.18 76.69 78,20 77,71 77.22 76.73 7624 76.76 76,26 74.78 74.2a 73.60 7331

78.72 78.20 77.68 77.16 78.66 76.13 76.61 76.02 74.67 7406 73,63 73.01 72.49 71.97
77.66 77.02 76.64 76.98 76.49 74.87 74.32 73.77 73.21 72.66 72.10 71.66 71,00
76.40

70.44
76.81 76.21 74.62 74.03 73.49 72.64 72.24 71.66 71.06 70.46 69.87 69.27 M-68

74.96 74.3i 73.67 73,03 72.39 71.76 71.11 70.47 62B3 69.18 66.64 67.90 67.26 66.62



COMBUSTION EFFICIENCY

Properties of Number 6 Oil:

Molecular Weight 338.0 ,bm]\o,e

BTU
Specific lfeat: 0,480=

Enthalpy of Formation: -167 ~

m-mr
Higher Ileating Value: 16300.0 ~

0.00
0.60
1.00
1.60
2.00
2.60
3.66
9.60
4 .)0
4 .lio
6.00
6.60
6.00
6.50
700
7.60
800
8.60
9.00
9.50

10LM
I 0,60
11.00
11.60
1200
12.60
19.00
13.60
14.00
14.60
16.00

0.00
0.00
0.00
O,w
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
000
0.00
000
0.00
0.00
0.00
0.60
0.00
000
0.00
O.(NI
000
0.00
0.00
0.06
000
0.00
0.00

16.61 83.39
16.11 83.29
16.72 63.18
16.33 83.08
14.94 8297
14.64 aa.87
14.16 82.77
13.76 82.66
13.36 82.66
12.97 82.46
12.66 82.96
12.19 82.24
11.79 82.14
11.40 82.03
11.01 81.93
10.61 81.82
10.22 81.72

9.63 81.61
9.44 81.61
904 81.40
8.66 81.30
8.26 81.19
7.66 81.09
7.47 tM.98
7.08 8068
6.69 80.77
6.29 80.67
6.90 80.68
6.61 8C.46
6.11 80.3%
4.72 ML20

O.to .O.OC
0.10 2.31
009 4.73
009 7.23
0.02 9.90
0.02 12.711
0.08 16.77
0.06 16.92
006 2226
0.06 26.60
0.06 29.68
0.07 93.66
0.01 97.83
0.07 42.40
0.07 47.29
0.00 62.64
0.00 6s.20
0.06 q.31
0.00 70.93
0.06 76.12
0.06 86.97
0.06 94.66
0.06 104.OI
0.04 114.46
004 12606
0.04 139.03
004 163.62
004 170.16
0.03 189.06
0.03 210.64
0.03 236.26

TABLE FOR NUMBER 6 OIL

COMBUSIYON IU?FiCU3NCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, OF)

450 460 470 480 490 600 510 520 530 640 5S0 660 670 580

66.64 85.33 66.12 64.92 64.71 R4.60 84.30 84.09 83.66 63.68 83.47 83.20 8300 8286
86.34 86.13 84.92 a4.71 84.60 84.29 84.08 83.67 83.66 63.45 83,24 83.02
86.14 64.93 64.71 64.60 84.28 84.07 63.85 83.64 83.42 83.21 82.99 82.77
84.93 64.71 04.49 64.27 64.06 83.83 63.61 83.36 83.17 82.96 82.73 82.61
84.71 a4.49 64.20 64.04 83.81 83.69 83S8 all 4 82.91 82.69 82.46 82.24
84.48 64.26 64.02 &?.79 83.60 83.33 83.10 82.67 82.64 82.41 82.18 81.96
64.23 83,99 83.76 83.62 83.29 83.05 82.82 82.68 82.36 62.1 I 81.87 81.64
03.97 83.73 83.49 83.25 83.00 82.76 82.62 82.26 82.04 61.60 61.66 81.31
83.69 83.46 83.20 62.96 02.70 82.46 82.21 81.66 81.71 61.46 Ill .22 60.97
83.40 83,16 62.89 82.64 82.36 82.13 81.66 81.62 61.37 81.1 I 60.66 80.61
83.06 62.83 82.67 62.31 82.04 61.76 61.52 81.26 61.00 60.74 60.48 60.22
82.76 82.49 82.22 81.96 81.58 81.42 61.16 60.66 60.61 60.34 60.07 79.81
82.40 82. I 3 81.85 81.66 81.30 81.02 60.76 ao.47 60.19 79.92 79.64 79.37
82.03 61.’74 81.46 61.17 60.s9 SO.60 S0.32 80.03 79.76 79.46 79.18 78.60
81.62 81.33 81.03 60.74 60.46 80.16 79.s6 79.67 79.27 76.98 76.69 78.39
81.19 60.66 60.66 60.26 79,97 79.67 79.37 79.06 78.76 78.46 78.16 77.86
S0.72 SO.40 60.09 79.76 79.46 79.16 76.64 78.62 76.21 77.20 77.68 77.27
60.21 79.69 79.66 79.24 76.91 78.69 78.26 77.24 77.61 77.29 76.96 76.64
79.66 79.33 78.99 78.66 78,32 77.98 77.64 77.31 76.97 76.63 76.29 76.96
79.07 78.72 76.37 78.02 77.67 77.32 76.97 76.62 76.27 76.92 76.67 76.22
76.42 78.00 77,69 77.33 76,90 76.60 76.23 76.67 76.60 76.14 74.77 74.41
77.71 77.33 76.96 76.67 76.19 76.81 76.43 76.06 74.66 74.28 73.00 73.62
76.93 76.53 76.13 76.73 76.33 74.94 7464 74,14 73.74 73.36 72.96 72,66
76.06 76.64 76.23 74.81 74.39 73.96 73.66 73.14 72.73 72.31 71.89 71.47
76.10 74.66 74.22 73.79 73.36 72.91 72.47 72.03 71.59 71.16 70.72 70.26
74.03 73.67 73.10 72.64 72.16 71.72 71.26 70.79 70.33 69.8? 69.41 66.94
72.82 72.33 71.64 71.36 70.66 70.37 69.89 69.40 66.91 68.42 67.93 6’7.44
71.46 70.93 70.41 69.89 69.37 66.S6 68.34 67.62 67.30 66.78 66.26 66.74
69.S9 69.33 66.76 682’3 67.67 67.12 66.66 66.01 66.46 64.90 64.36 63.79
68.0s 67.49 66.90 66.30 66.71 66.11 64.62 63.92 63.33 62.74 62.14 61.66

82.61 R2.60
82.60 82.34
82.29 82.07
82.01 81.79
81.72 81.48
RI .40 R1.17
61.07 60.83
80.72 no.47
60.36 M.1 o
79.96 79.70
79.64 79.27
79.09 78.81
78.61 78.33
78.! o 77.IX3
77.66 77.24
76.96 76.64
76.31 76.99
76.62 76.2S
74.87 74.62
74.04 ‘73.68
73.14 72.70
72.16 71.76
71.06 70.64
6!).84 69.40
66.48 66.02
66.96 66.46
66.22 64.70
63.24 62.6S
60.96 60.36

66.96 65.34 64.70 64.06 63.42 62-76 62.13 61.49 60E6 60.21 69.67 66.93 68.29 67.66



COM13USTION

Properties of Number 6 Oil:

Molecular Weight 338.0 ~bm]~O1e

Specific Heat: 0.480 ~

BTU
Enthalpy of Formation: -167 ~

liigher Heating Value: 18300.0 ~

,;,:,,,,,,.:::,
..::;:;:;:.::,”

%01

-F7T
0.60
ICKI
160
200
260
9.00
3.60
400
4.60
6.00
6.60
6.00
6.6o
7.00
760
6.00
&Go
9SN)
9.60

10.00
10.60
11.00
11.60
I 2.00
12.60
19.00
13.60
14.00
14.60
16.00

‘Col‘Cu’l‘N’l%sO’lE=
0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
000
O.cm
O.rxl
O.w
0.00
O.w
0.00
O.w
O.w
O.w
0.00
0.00
000
O.w
0.00
0.00
O.w
Om
000
O.w
O.w
O.w

-0.0(
2.31
4.79
7.21
9W

12.70
16.77
1 8.9a
22.2d
26.80
22.66
93.66
S7.83
42.40
47.22
62.64
txl.m
43’4.31
7d.93
78.12
85.97
94.66

104.01
114.46
126.06
139.03
16362
170.16
1439.06
210.84

-
0.10

16.11
16.72
16.33
14.94
14.64
1416
13.76
13..36
12.97
12.6s
12.19
11.79
11.40
11.01
10.61
10.22

9.63
9.44
9.04
8.66
&2a
7.66
7.47
7.08
6.69
6.22
6.90
6.61
6.11

83.29

8318
03.08
8297
82.87
82.77
82.66
82.66
82.46
82.36
82,24
82,14
82.03
61.93
81.82
61.12
61.61
81.61
81.40
61.30
61.19
61.09
60.98
80.86
60.77
M.67
20.66
60.46
60.36

0.10
009
0.09
0.09
0.02
0.06
0.08
0.06
0.08
006
0.07
0.07
0.07
0.07
0.08
0.06
0.03
0.06
0.06
0.06
0.06
0.06
0.04
004
0.04
0.04
0.04
0.03
0.03

Om 4.72 60.26 0.03 22626

EFFICIENCY TABLE FOR NUMBER 6 OIL

COMBUSTION EFFICIENCY
(Efficiencies are listed by /lue gas temperature less surrounding tentpcrature, ‘i?)

590 600 610 620 630 640 650 660 670 680 690 700 710 720

82.64
82.39
82.13
81.66
81.66
81.26
60.93
60.69
IX).23
79.84
79.43
79.60
78.64
78.04
77.61
76.94
76.33
76.06
14.95
74.17
73.31
72.38
71.36
70.22
G&w
67.66
65.97
G4.16
62.13
69.77

82.44 82.23
82.16
81.91
61.63
81.34
m .02
60.70
80.36
79.98
79.69
79.17
78,73
78.26
77.76
77.22
76.64
70.01
76.34
74.61
73.62
72.96
72.00
70.96
69.81
66.63
67sJ9
66.48
63.66
61.68
69.17

81.97
81.70
81.41
8111
60.79
60.46
60.11
79,73
79.33
78.91
70.46
77.98
77.47
76.92
76.33
76.70
76.01
74,27
73.47
72.69
71.62
70.66
69.39
68.09
66.63
66.(KI
63.14
61.02
66.66

62.02
81.76
81.48
81.19
60.89
60.66
60.22
79.aa
79.48
79.06
78.66
78.20
77.71
77.19
76.63
76.03
76.39
74.69
73.94
73.11
72.22
71.24
70.16
68.97
67.66
(x.! 7
04.61
62.62
60.47
67.98

81.82
61.66
81.27
60.97
8W3G
60.33
79.99
79.G2
79.24
78.83
76.39
77.93
77.43
76.90
76.34
76.73
76.07
74.36
7360
72.76
71 .M
70.66
69.77
68.66
67.21
66.71
64.02
62.10
69.91
67.32

81.61
81.34
81.06
66.76
60.44
60.10
79.76
79.38
78.99
78.67
78.13
77.00
77.16
76.62
76.04
76.42
74.76
74.04
7926
72.4 I
71.49
70.48
69.37
66.14
66.77
66.26
63.63
61.66
69.36
60.80

67.01 66.37 66.73 66.oa 64.44 63.00

61.40 81.19 60.99 80.78 66.67 80.37 6G.l G 7!).96
61.13
60.84
60.63
80.21
79.87
79.62
79.14
78.74
78.92
77.87
77.39
7G.68
76.33
76.76
75.12
74.46
73.72
72.92
72.06
71.13
70.10
66.97
67.72
66.33
64.78
63.04
61.06
66.81
66.20

60.91
60.62
60.31
79.92
79.64
79.2S
76.90
76.49
78.06
77.61
77.12
76.60
76.06
76.46
74.82
74.13
73.39
72.69
71.71
70.76
69.72
66.67
67.30
66.90
04.32
62.66
60.64
66.26
66.61

63.16 62.62

80.70
60.41
60.09
79.76
79.41
79,06
76.66
76.26
77.81
77.36
76.86
76.33
76.76
76.16
74.61
73.62
73.07
72.26
71.36
70.40
69.34
68.17
66.82
66.46
63.86
62.06
60.03
67.7o
66.01
61ES

60.49
60.19
79.87
79.64
79.16
78.61
78.42
78.W
77.66
7709
76.68
76.06
76.48
74.87
74.21
73.60
72.74
71.91
71.01
70.03
68.96
67.78
66.47
66.02
63.40
61.67
69.61
67.14
64.42
61.24

M.26
79.97
79.66
79.31
76.96
78.67
76.17
17.76
77.30
76.82
7G.32
76.77
76.20
74.67
73.91
73.19
72.42
71 .6a
7066
69.67
66.68
67,38
66.06
64.68
62.93
61.08
66.92
60.69
63.82

6007
79,76
79.43
79,09
78.72
78.34
77.93
77.60
77.06
76.66
76.06
76.60
74.91
74 .2e
73.61
72,66
72.02
71.24
70.31
69.30
66.20
68S8
66.64
a4.14
62,47
60.69
68.47
66.04
63.23

60.60 49.90

79.80
79.64
7921
78.66
78,49
78,10
77.69
77.26
76.79
76.30
76,78
76.22
74.63
73.99
73.30
7266
71.77
70110
G9.90
S6.94
67.62
66.66
66.22
63.70
62.01
60.11
67.96
66.48
62.64
49.32

79.66
7933
7809
78.64
7n.20
77.87
77.46
77.01
76 f14
10.04
76.61
74.96
74.34
73.G9
73.00
72.26
71.44
70.66
69.61
68.67
67.44
60.18
64.60
63.27
61.66
69.62
67.43
64.93
6204
4866



COMBUSTION EFFICIENCY TM3LE FOR NUMBER 6 OIL

Properties of Number 6 Oil:

Molecular Weight: 338.0 *

Specific Heat 0.480 ~

Enthalpy of Formation: -167 ~

Higher Iteating Value: 18300.0 ~

,,,,.,,,,,,,:.:.:,:...:..,,:i:~:i:;::::.:...,,,:,.:,:
Dry Products of Combustion j:;:~~;;:jj~

%01 %Co %Co, %Nz %s0, E;;”’

I

0.60 0.10 16.44 83313 0.10 -0.’z
050
1.s)6
1.E47
206
2.50
306
360
4.00
4 .H3
6.06
6.60
6.60
6.60
1.60
7.60
800
8.56
9.06
9.60

1000
10.60
11.00
11.66
12.06
12.66
1906
1360
14.00
1460

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
010
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

16.06
16.66
15.26
14.87
1447
14.08
13.69
19.30
12.96
1261
1112
11.72
11 .3s
1094
10.66
10.16

9.76
9.31
6.97
8.68
6. I 9
7.60
7.40
7.01
6.62
6.22
6.83
6.44
604

8326
63.16
8306
8294
82.84
82.73
82.63
82.62
82.41
82.31
8221
8211
62.00
81 .S6
81.79
81.69
61.68
61.48
81.37
61.27
61.16
61 .X3
80.96
80.85
80.74
80.64
(X).63
80.43
8032

0.10
0.69
0.69
0.69
0.69
0.09
008
0.08
0.08
0.08
0.07
0.07
0.07
0.07
0s)6
0.66
0.66
0.06
0.06
0.06
0.06
0.05
0.06
0.04
0.64
0.64
0.04
0.03
0.03

2,0
4.4t
7.(X
9.6$

12.5C
16.41
16.61
21.93
26.46
29.19
33.17
37.42
41.96
46.62
62.04
67.68
6$73
7030
77.44
85.23
93.76

103.I3
113.49
12499
137.64
162.m
16K84
167.32
266.86

16.00 0.1o 4.66 80.22 0.03 233.94

COMBUSTION EFFICIENCY
@efficiencies are listed by flue gas temperature less surrounding temperature, ‘1?)

170 180 190 200 210 220 230 240 260 260 270 280 2!)0 300

91.18 90.98 90.77 9G.6G OG.3G 96.16 89.94 89.74 69.63 89.33 89.12 68.91 8fl.71
91.11
91.03
60.94
90.66
W.76
90.67
96.66
W.46
66.34
90.21
96.08
69.94
89.79
69.63
89.46
89.26
69.08
68,66
86.63
88.37
86.69
87.78
67.44
67.06
66.64
86.17
66.63
86.01
84.31
83.46

60.90
90.81
90,72
90.63
90.63
90.43
90.32
w.21
90.06
89.96
89.82
89.67
89.61
69.34
89.16
66.97
68.76
88.63
8e.m
88.01
87.71
67.39
87.03
66.63
W.18
86.68
86.11
84.46
63.72

96.66
woo
90.60
90.41
90.30
90.20
9608
89.96
89.83
89.69
89.66
69.39
89.23
89.06
611614
8866
6643
66.19
87.93
67.64
67.33
G&w
86.61
66.19
86.72
86.19
6460
03.91
03.13

82.84 62.21

90.47
90..38
w).29
96.16
96.07
69.96
89.84
89.71
8958
89.43
89 m
89.12
68.94
88.76
M.56
6&34
66.11
67.86
87.68
67.26
6696
66.69
66.26
86.76
66.26
64.71
84.06
83.36
62.63

90.26
w.: 7
96.00
89.96
89.84
89.72
69.66
89.47
69.32
89.17
89.01
66.84
em6
68.46
86.26
66.03
67.’76
87.62
87.23
@E92
86.67
8520
66.78
66.32
84.60
64.22
63.66
62.61
61.94

81.67 60.93

96.06
8996
89.86
89.73
89.61
69.49
89.36
89.22
89.07
66.91
tw74
8K67
66.38
86.17
8796
87.71
87.46
67.18
66.86
8&66
66.20
66.86
86.37
64.68
64.34
83.73
6306
82.26
81.36
30.30

89,64
89.74
89.63
89.61
89.39
89.25
69.12
68.97
66.82
68.66
66.48
88.29
88.09
07.68
87.66
87.40
87.14
86.85
86.63
36.19
86.82
86.41
64.95
tT.46
8388
63.26
82.63
$1.71
80.76
79.68

89.63
69.62
89.41
89.m
89.16
89.02
88s8
88.72
86.66
88.39
e8.21
86.02
87.81
87.69
87.36
67.09
66.81
86.61
86.16
66.63
86.44
86.01
84.64
84.01
83,42
82.76
82.01
81,16
60.17
7!3.03

69.42
69.31
89.19
69.06
68.93
88.78
88.64
68.48
88.31
68.13
87.94
87.74
87.62
87.29
87.04
6&.78
8&49
6616
86.84
86.46
66.06
64.61
84,12
63.67
62.96
82.27
81.60
W.61
79.66
78.39

89.21
89.09
6897
88.84
86.70
88.66
6&39
86.23
.6K06
87.87
87.67
87.46
87.24
87.00
G674
86.46
8616
66.84
86.49
66. I o
64 .Iw
64.22
83.70
83.14
82.60
61.79
80.98
8006
76.99
77.76

89.06
88.68
88.76
68.61
86.47
88.31
8816
87.68
8786
87.61
87.41
87.19
66.96
86.71
3844
86.16
86.64
66.66
66.14
64.74
84..36
83.82
83.29
82.70
82.04
8~.90
60.447
7!361
7840
77.12

88.79
8!IC43
86.63
88.39
88.24
88.08
87.91
87.74
87.66
67.36
87.14
8691
8667
66.41
S&l 4
85.84
86.62
85.17
84.79
84.37
83.92
83.42
8287
8226
81.66
80.81
79.96
76.96
77.61
76.46

88.68
8846
8831
88.16
88.01
87.84
87.67
87.49
87.30
87.09
66.87
8G.64
80.39
ns.lz
8683
66.63
86.19
84.63
64.44
84.01
83.64
83.03
82.46
81B3
81.12
60.33
79,43
78.40
77.22
76E4

es 50
8837
6823
81m9
87.94
87,78
67.61
87.43
8724
87.04
8G.63
(law
66..36
W.lo
86.83
6663
8521
8487
04.60
84.09
83.66
8316
!32.63
82.04
81.39
8066
7%84
78.91
77.86
‘76,63
76.21
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COMINJSTION 131WC1UNCY TA13LII FOR NUMBER (3OIL

Properties of Num&er 6 Oil:
lb

Molecular Weight 338.0 lb ~ole

Specific lIeat 0.480 ~

BTU
Enthalpy of Formation: -167 ~

Higher IIeating Value: 18300.0 ~

.....!. :j .,.”

. . . .. .. . .....!
:’::,::::: :,

Dry Products of ConLbustion :;:!j;;:;::::;

%0, %Co %Co, %Nz %50, ~;r’

s

006 0.10 16.44 83.36 0.10 -0.22
050
t .06
1.60
2.06
2.60
9.W
S.(3O
4,06
4.66
600
660
6.00
6.60
7.00
7.60
8.00
8.60
900
9.60

10.00
10.60
11.00
11.641
12.00
1260
I9.00
1960
14.00
14.60
16.00

0.10 16.06 6W26
010 16.66 8216
0.10 16.2a 83.0S
0.10 14.87 82.64
Olo 14.47 82.64
0.10 14.08 82.73
0.10 13.68 8263
0.10 19.30 82.62
0.10 12.00 82.42
0.10 12.61 82.31
010 I 2.12 82.21
0.10 11.72 82.11
010 11.33 82.00
0.10 I0.94 81 .W
0.10 10.65 81.79
0.10 10.16 81.69
0.10 9.76 81 .6a
0.10 9.37 81.48
0.10 8.9’7 81.37
0.10 8.68 81 .n
0.10 8.19 81.16
0.10 7.80 81.06
0.10 7.40 80.95
0.10 7.01 80.86
0.)0 6.62 80.74
0.10 6.22 80.64
0.10 6.83 60.63
0.10 6.44 60.43
0.10 6.M 80.92

0.10
0.09
0.09
0.02
0.09
0.09
0.06
0.06
0.06
0.06
0.07
0.07
0.07
0.07
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.05
0.06
0.04
0.04
0.04
0.04
0.0.9
0.03

2.01
4.48
7.02
9.69

12.60
16.47
16.61
21.93
26.46
29.19
93,17
37.42
41.96
46.82
62.04
67.66
63.73
70.30
77.44
86.23
93.76

103.}3
113.49
124.92
131.64
162.26
14w.64
187.32
308.86

0.10 4.66 8022 0.03 32394

COMBUSTION EFFICIENCY
(Efficiencies are lisled by /Zue gas temperature less surrounding tcmperat ure, oF)

310 320 330 340 360 360 370 380 390 400 410 420 430 440

68.29 66.09 87.86 87.67 %7.47 87.26 8706 6(.66 6664 66.44 66.23 86.02 85.82 86.61
68.16 87.96 87.74 87.63 07.32 87.1 I 8090 88.69 66.48 64H6 80.06 66.84 86.63 8642
68.02 67.60 87.69 87.37 87.10 66.94 66.73 86.61 86.30 6608 86.87 86.66 85.44 86.22
67.87 87.66 67.43 87.21 IW99 66.77 86.66 66.33 88.11 86.69 86.67 8546 65.23 86.01
.97!71 87.49 87.26 61.04 86.81 E&69 86,37 8414 86.92 86.69 86.47 86.24 66,02 64.79
87.66 67.32 87.09 66.66 86.63 66.40 6&17 86.94 66.71 8648 66.26 86.02 64.79 84.66
67.37 87.14 66.90 60.67 81.43 6620 86.96 66.73 86.49 86.213 86.02 84.79 R4,56 f14.32
87.19 66.96 66.71 64i.47 66.23 86.o9 86.74 86.60 86.26 86.02 84.78 84.64 84.30
87.00

84 .Y3
86.76 64.60 86.25 60.01 86.76 86.61 86.27 etoz 84.77 84.63 84.28 64.03 8378

66.79 6&64 6&2a 66.03 86.7$ 86.62 86.27 86.01 M .76 6461 84.26 8400 83.76 $349
66.67 66.31 66.06 86.79 86.63 86.27 8501 84.76 64.49 84.23 03.97 83.71 8346 8319
66.34 66.07 86.60 86.63 66.27 6600 84.73 84.46 84.19 83.93 83.66 83.39 83.12 82.66
86.09 85.81 86.54 85.26 8499 8471 84.43 84.16 83.68 83.61 83.33 0306 62.78 62.K1
66.62 8664 86.25 84.97 84.69 64.40 84.12 83SS 63.66 83.27 8298 8270 82.42 82.13
86.64 86.24 84.96 84.66 84.37 84.07 83.76 83.49 63.19 82.90 82.61 82.32 82.02 F3i.73
66.23 84.93 8463 84.32 84.02 83.72 83.42 n3.11 82.81 82.61 8221 ?31,S0 Fll.Co 81,30
64.20 84.69 84.28 I-33.96 83.66 83.34 83.02 82.71 82.40 82.09 81.77 81.46 81.16 8084
64.66 84.22 83.90 83,67 63.26 82.93 82.60 8226 81.96 61.63 81.31 6&96 60.66 64134
64.16 83.82 83.49 63.16 82.82 8248 82. I 4 81.61 81.47 81.14 $0.80 80.47 80.13 79.79
83.74 83.39 83.04 82.69 82.36 82.00 81.66 81.30 60.96 IWrm 8(126 79.90 79.66 79.20
83.2s 82.92 82.66 82.19 81.83 81.47 81.10 e17.74 80.38 60.02 79.66 79.29 7893 7866
82.79 82.41 82.03 61.66 81.27 @0.89 60.61 60.13 79.76 79.37 79.00 7862 78.24 77.86
82.24 81.84 81.44 81.06 60.66 60.26 79.68 79.46 79.07 78.67 78.27 77.88 77,48 77,08
81.63 81.21 60.80 60.36 79.97 79.66 79.14 78.72 78.31 77.89 77.48 77.06 76.66 7623
60.96 80.62 60.08 79.65 79.21 78.77 78.34 77.90 7746 77.03 76.69 76.16 76.72 76.28
80.20 79.74 79.26 78.82 76.34 77.90 77.44 76.98 76.62 7608 76.60 76.? 4 746a 74.22
79.36 78.87 78.36 77.90 77.41 76.92 76.44 76.96 76.46 74.98 74.49 74 .Slo 73.62 73.03
78.40 77.88 77.36 76.86 76.93 76.81 76.30 74.78 74.26 73.76 73.23 72.71 72.20 71.38
77.30 76.7K 76.20 76.66 76.10 74,66 74.00 73.46 72.88 72.34 71.79 71.24 70.69 70.14
76.04 76.46 74.86 74.27 73.66 73.02 72.60 71.91 71.92 70.73 70.13 69.64 66,96 86.36
74.67 73.93 73.30 72.66 72.02 71.39 70.76 70.I 1 89.48 66W 66.20 67.67 66,93 66.22
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COMBUSTION

Properties of Number 6 Oil:

Molecular Weight: 338.0 ,bml~ole

Specific Heat 0.480 ~

Enthalpy of Formation: -167 ~

%0,

0.00
0.60
I .Jo
1.60
200
2.50
s .00
360
400
4.60
6.00
660
600
660
7.60
760
8.00
8.60
9.00
9.60

1000
10.60
11.00
11.60
12.00
12.60
1300
I 360
14.iNJ
1466
1600—.

Higher IIeating Value: 18300.0 ~

%Co

7
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
010
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
010
0.10
0.10
0.10
0.1 c

,:,..,...,.....,,,:,,,,;:;:{,;:;,;:;. . . .....::;;::{:::;:;:
Dry Products of Combustion :::::;:;:::;;:

%
%Co, %N1 %s0, E;’

16.44 83.36 0.10 .&z
16.06
1666
16.26
14.87
14.47
I 4.08
13.69
1330
1290
12.61
12.12
11.72
I I .33
1094
1066
10.16

9.76
9.37
8.97
8.68
8.19
7.80
7.40
7.01
6.62
6.22
6.83
544
6 .J4
4.6E

83.26
63.16
63.06
02.94
82.84
82.73
82.63
82.62
82.42
62.31
82.21
62.11
82.00
81.90
61.79
81.69
ill .68
81.48
al .37
81.21
61.16
81 .n3
86.96
80.66
60.74
80.6$
80.63
60.49
80.32

0.10 2.07
0.09 4.48
0.02 7.02
0.02 9.69
009 12.60
0.09 16.47
0.08 16.61
0.08 21.93
0.06 26.46
0.08 29.19
0.07 93.17
007 3742
0.07 41.%
0.07 46$2
0.06 62.04
0.06 6766
0.06 63.73
0.06 70.30
0.06 17.44
0.06 86.23
0,06 93.76
0.06 103.13
0.06 113.49
0.04 124.99
0.04 197.84
004 162.28
0.04 I E4164
0.03 187.32
0.0s 20K36

60.22 0.0$ 233.94

EFFICIENCY TABLE FOR NUMBER 6 OIL

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, O)?)

450 460 470 480 490 500 510 620 630 540 560 5G0 570 580

86.41 86.20 64.99 04.79 84,37 84.17 63.66 63.76 83.66 83.34 63.14 82.93 82.72
86.21
66.01
64.79
84.67
64.33
64.06
63.62
63.64
63.24
82.92
82.59
62.23
61.86
61.44
81.00
8062
80.01
79.46
76.66
76.20
77.46
76.69
76.8’2
74,65
73.76
72.64
71.lfi
69.6!+
67.77

66.00
84.79
84.66
84.36
64.10
63.66
63.68
83.29
82.99
82.66
82.32
61.96
61.66
61.16
80.70
80.21
79.69
79.I 2
78.61
77.84
77.10
76.29
76.40
74.41
73.30
72.06
70.66
69.04
67.1E

64.79
64.68
64.36
84.12
83.67
83.61
ii3.34
63.04
82.73
62.40
82.06
81.68
61.211
80.85
60.39
79.90
79.3G
76.79
78.16
77.47
76.72
76.W
74.98
73.97
72.84
71.67
70.13
68.49
66.69

66.66 65.02 64.38

84.66
64.96
64S4
83.90
63.64
63.36
63.10
82.80
82.48
82.14
81.79
81.40
8100
60.66
80.09
79.69
79.04
78.46
77.61
77.I 1
76.34
76.60
74.67
73.64
72.38
7i .08
69.61
67.94
66.00
63.76

64.66
84.97
84.16
83.92
83.67
83.41
83.14
62.86
82.66
6223
81.88
61.62
81.13
80.71
80.27
79.79
79.27
78.72
76.11
77.46
76.76
76.96
76.10
74.16
73.10
71.92
70.60
69.10
67.39
66.41
KM 1

64.16
63,93
83.70
83.46
83.18
62.91
82.61
82.30
81.97
ill .62
81.26
80.86
60.43
79.97
19.49
78.96
78.39
77.78
77.11
76.36
76.56
74.71
73.74
72.66
71.46
70.11
68.68
66.83
64,82

83.96
83.72
83.46
83.22
82.96
82.67
82.37
82.06
81.72
81.86
80.98
80.68
80.16
79.66
79.18
78.65
78.07
77.44
76.76
76.02
76.21
74.31
73.32
72.23
71.00
69.62
68.06
66.26
64.23

83.74
83.60
83.26
83.00
82.72
82.44
82.13
81.61
81.47
81.10
80.72
6(30
79.86
79.39
78.88
76.34
77.76
77.I i
76.41
76.66
74.83
73.92
72.91
71.79
70.64
69.14
67.66
66.73
63.64

8S.63
83.29
83.04
82.77
82.60
82.20
81.89
8i .66
8i .21
60.64
60.46
80.03
79.68
79.i o
78.68
78.02
77.42
76.77
76.06
76.23
74.46
73.62
72.49
7i .36
70.06
66.66
67.03
66.18
69.06

83.32
83.07
82.62
82.66
82.27
fli .97
8i .66
81 .3i
80.96
60.68
60.i 8
79.76
79.29
76.80
78.28
77.71
77.10
76.43
76.7i
74.93
74.07
73.i2
72.08
70.92
69.62
68.E6
866i
64.63
62.46

W4.i1
62.66
82.60
82.32
82.04
8i .73
61.41
ili .07
eQ.71
80.32
79.9i
7948
79.01
78.61
77.97
77.40
76.77
76.10
76.37
74.67
7369
72.73
71.66
70.48
69.16
67.08
66.00
84.08
61.87

82.90
82.64
82.38
82.10
8i .8i
8i .60
iii .i 7
80.82
80.45
60.06
79.64
79.20
78.73
78.22
77.67
77.08
76.46
76.76
76.02
74.20
73.31
72.33
71.26
7004
Ga.70
67.19
66.48
63.53
61 .2a

82.69
82.43
62.i 6
tii .66
81.68
ili .26
60.93
80.67 “
80.20
79.80
79.38
78.!73
78.44
77.93
77.37
76.77
7G.I3
76.43
74.67
73B4
72.93
?i .93
70.83
69$31
63.24
(3&?i
64.96
62.98
6(.G9

82.48
82.21
61.94
8i .66
8i .36
8i .03
80.69
60.33
79.96
79.64
7!-1.i1
78.66
78.16
77,63
77.07
76.46
75.60
76.09
74.32
73.48
72.66
71.64
70.42
69.17
67.78
66.22
G&46
6243
60.10

62.47 61.84 6i.25 60.66 69.93 69.29 68.65 68.02 67.3.8



COMBUSTION EFFICIENCY

Properties of Number t?Oii:
lb

Molecular Weight: 338.0 ]bm ~o]e

Specific IIeat: 0.480 ~

Enthalpy of Formation: -167 ~

nl-fll
Higher Ileating Value: 18300.0 ~

,:,:::;::::::

Dry Products of Combustion :i::jjijj::
%

%01 %Co %Co, %N2 %s0, E;y

000 0.10 16.44 83.36 0.10 .0.22
0.60
100
160
26a
260
300
9.60
4.00
460
6.00
6.60
600
660
7.06
7.60
8.00
8.60
9.00
9.60

10.00
10.66
11.00
11.60
12.00
12.60
1300
19.66
14.00
14.60
16.00

0.90
0.} o
0.10
0.10
010
0.10
0.10
0.10
0.10
0.10
0.1o
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.1o

16.05 83.26
16.66 8316
16.26 83.06
14.87 8294
14.47 82.84
14.06 02.73
13.69 82.63
13.30 82.62
12.96 82.42
12.61 82.31
12.12 82.21
i 1.72 82.11
11.33 8200
I0.94 81.90
10.66 81.79
10.16 81.69
9.76 81.68
9.37 el .48
8.97 81.37
8.M 81.27
8.19 81.16
7.60 81.06
7.40 80.96
7.01 80.86
6.62 80.74
6?22 80.64
&83 80.63
6.44 80.43
6.04 86.92

0.10 2.07
0.09 4.4a
0.09 7.02
0.09 9.69
0.09 12.60
009 16.47
0.08 18.61
0.08 21.93
0.08 26.46
0.08 29.19
0.07 33.17
0.07 37.42
007 41.96
0.07 46.82
008 62.04
0.06 67.60
006 63,73
006 70.30
0,06 77.44
0.06 86.23
0.05 93.76
0.06 103.I3
0.06 113.49
0.04 124.99
004 137.84
004 162.28
0.64 188.84
0.03 187.92
0.03 208.85

4.66 80.22 0.03 233.94

TABLE FOR NUMBER 6 OIL

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, oF)

690 600 610 620 630 640 650 660 670 680 690 700 710 720

8262 82.31 82.11 81 .W 81.69 81.49 81 .m 81.07 60.87 60.66 60.46 60.26 60.0.4 79,84
82.27 a2,06 81.84 81.63 81.42 81.21 81.00 641.79 60.68 80.37 60.16 79.96 7974 79.63
82SX) 81.78 81 .K7 81.36 8114 80,93 80.71 8060 80$3 80.07 79.86 79 M 79.42 79.21
81.72 81.60 81.28 81 .Y3 8084 R4).G2 8040 80.18 7996 79.74 79.62 79.31 7WEI 78147
81.43 81.20 80.98 60.76 80.63 6030 80.06 79.66 79.03 79.41 79.18 7890 7873 78.61
81.12 80.89 60.66 80.43 6020 79.97 79.74 79.61 79.26 79.05 78.82 78.69 78.36 78.13
60.79 80.66 60.32 60.09 79.86 79.62 79.38 79.14 78.91 78.67 78,44 78.20 77.97 77.73
60.46 fw.20 79.96 79.72 79.48 79.24 79.00 7a.76 78.62 78.28 78.04 77.80 77.66 77.31
80.08 79.83 79.69 79.34 79.09 78J34 78.60 78.36 78.10 77.86 77.61 77.36 77.12 76.87
79.69 79.44 79.19 78.93 78.66 78.42 78.17 77.92 77.66 77.41 77.18 76.90 76.66 76,40
79.28 79.02 78.76 78.60 78.24 77.98 77.72 77.46 77.26 76.94 76.68 76.42 76.16 76.90
78.84 78.57 78.31 78.04 77.71 77.60 77,24 76.97 76.70 76.43 76.17 76.90 76.63 76,3G
78.37 78.10 77.82 77.66 77.27 77.60 76.72 76.46 76.17 76.90 76.62 76.34 76.07 74.79
77.88 77.69 77.31 77.02 76.74 76.46 76.17 76.89 76.80 76.32 76.64 74.76 74.47 74,19
77.34 77.06 76.76 76.46 76.17 76.86 76.68 76.22 76.00 74.71 74.41 74.12 73.63 73.53
76.77 76,46 76.I6 76.86 76.66 76.26 74.96 74.65 74,36 74.04 73.74 73.44 73.14 72.84
76.16 76.83 76.62 76.21 74.96 74.68 74.27 73.66 73.66 73.33 73.02 72.71 72.39 72.08
76,4a 76.15 74.83 74.61 74.18 73.86 73.64 73.21 72J39 72.66 72.24 71.92 71.69 71.27
74.76 74,42 74.06 73.76 73.41 73.06 72.74 72.40 72.07 71.73 71.40 71.06 70.72 70.39
73.97 73.62 73.27 72.92 72.67 72.22 71.88 71.63 71.10 70.83 70.48 70.13 69.78 69.43
73.11 72.76 72.39 72.02 71.66 71.36 70.93 70.67 70.21 69.84 69.48 69.12 68.76 68.39
72.17 71.79 71.42 71.04 70.60 70.28 69.90 69.62 69.14 68.76 66.38 68.00 67,63 67.26
71.14 70.76 70.36 69.96 69.68 69.16 68.76 68.37 67.97 67.68 67.18 66.78 64.39 66.99
70.00 69.69 G9.I7 68.76 68.34 67.93 67.61 67.09 66.68 66.26 66.86 66.43 66.02 64.60
68.74 G6.30 67.86 67.43 60.99 66.66 66.12 66.68 66.24 64.81 64.37 63.94 63.60 63.00
67.32 60.86 68.40 66.94 66.48 66.02 64.66 64.10 63.64 63.18 62.72 62.28 61.60 61..34
66.73 65.26 64.76 64.27 63.79 63..30 62.81 62.33 61.84 61.36 60.87 eO.38 69.69 69.41
63.93 63,42 62.90 62.38 61.87 61.36 60.83 60.32 69.MI 69.m 68.77 68.26 67.73 67,22
61.86 61.32 00.77 60.22 69.67 69.12 68.67 FNloz 67.47 66.92 66.37 66.82 66.26 64.71
69.61 68.92 68.33 67.73 67.14 68.66 66.98 66.37 64.78 64.19 63.60 63.01 62.42 61.83
66.74 66.11 66.47 64E3 64-20 63.66 62.92 62.29 61.66 61.02 6038 49.74 49.11 48.47
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COMBUSTION EFFICIENCY TABLE FOR NUIUBER

Properties of Nwnber 6 Oil:

Molecular Weighk 338.0 ~bm’~ole

Specific Neat: 0.480 ~

ImJ
Enthalpy of Formation: -167 ~

IIigher lIeating Value: 18300.0~

,.,,,..,,,.,,::;,;:::{:::,,:.:.:.:.:.,.,

Dry Products of Combustion ::f;!!j~,;.:
%

%01 %Co %Co, %Nl %s03 E;y

0.00
0.60
I .)0
1.60
200
266
9.00
960
4.00
4.60
600
660
60Q
6.60
7.00
760
800
8.60
9.00
9.60

I0.00
10.66
11.00
11.60
12.C47
I 2.60
19.00
1960
14.06
14.60

066
0.60
060
0.60
0.66
060
0.66
0.66
0.66
0.60
060
060
0.66
0.60
0.66
0.66
0.60
050
0.60
0.60
O.K)
030
0.60
050
050
0.66
0.60
0.66
0.60
0.66

16.16
16.77
1538
14.98
1469
14.20
I 3.81
1941
19.02
1263
12.23
11.84
11.46
11.06
10.66
10.27
9.86
9.48
909
8.70
8.30
7.91
7.62
7.19
6.79
6.34
6.96
6.66
6.16
4,77

63.24
83.13
63.03
82.92
82.82
82.7!
e2.61
82.66
62.40
82.29
82.19
82.09
81.96
el .86
81.77
81.67
81.66
81.46
81.96
el .26
81.14
81.64
80.93
60.83
80.72
60.62
80.61
80.41
80.30
80.20

0.10
0.10
0.10
0.09
0.62
009
009
0.08
0.08
0.08
006
0.07
0.07
0.07
0.07
0.6$3
0.06
0.03
006
0.06
0.06
0.06
0.06
0.06
0.04
0.04
0.04
0.04
0.03
0.03

-1.12
1.14
3.61
6.00
8.62

11.38
1429
)7.37
20.63
24.08
27.74
31.63
S5.79
40.22
44.97
60.08
66.64
61.46
67.8-4
74.78
82.34
2(.61
8368

109.69
120.79
193.16
147.04
162.73
160.68
201.10

16.00 0.60 438 80.69 0.02 224.93

COMBUSTION EFFICIENCY
(Efficiencies are lis!ed by flue gas temperature less surrounding temperature, “1?)

170 180 190 200 210 220 230 240 250 260 270 280 290 300

9042 69. I9 8W9 68.78 68.68 88.37 6.&l7 67.9096.62
60.63
90.44
90.34
6(.24
90.13
90.02
89.80
89.77
89.64
89.49
69.34
89.18
89.00
66.82
86.62
86.40
68.17
87.92
87.66
87.36
87.03
86.67
86.28
65.86
86.36
64.82
64.20
83.60
82.70

90.33
6(I23
90.13
9002
8991
89.79
89.68
89.63
89.38
69.23
89.07
88.90
88.72
88.63
8&32
88.08
87Bi5
87.69
87.30
60.99
8&66
88.2s
86.87
86.42
64.91
84.34
83.70
82.97
62.12

90.21
90.12
90.01
tm.91
89.80
139.138
89.66
89.42
89.28
89.13
88.98
86.61
88.63
86.44
88.24
88.02
67.79
87.63
87.26
66.98
66.64
80.2S
66.69
85.46
84 .W
64.46
83,80
03.19
82.43
81.66

9001
e9.91
8980
8969
89.67
89.46
89.32
8918
89.04
8886
8872
88.64
86.96
88.16
87.96
87.72
67.48
87.21
86.93
86.62
86.2s
86.91
86.60
6608
6466
iwol
6339
82.69
81 B9
8097

89.60
89.70
89.69
&147
8936
89.22
8909
88.94
68.79
68.G3
8848
88.28
8809
%7.88
67.66
87.42
87.17
68.89
8660
8&27
66.92
66M
86.11
6466
M.13
8366
82.91
8218
81.36
60.40

89.66
6949
89.38
8925
8913
86.99
IW66
81T.71
8866
8838
fwm
88 (72
67,81
87.60
67.37
67.I 2
80.86
86.67
86.28
86.93
86.66
86.16
84.72
8424
83.70
83.10
82.43
8168
80.81
79.82

81.77 81.16 80.63 79.91 79.29 78.67

89.39
89.28
89.16
89.64
8&91
8877
8$.62
88.47
88.30
88.19
87.96
87.76
87.64
87.32
87.68
88.83
86.66
86.26
86.93
85.66
86.20
84.79
64.33
83.83
83.27
8266
8i .99
81.17
80.27
79.24

89.07
88.96
88.82
88.68
88.64
88..39
88.23
88.08
67.88
87.69
87.49
87.27
67.04
86.79
86.69
68.24
66.93
86.80
86.24
64.86
84.42
83.94
83.42
82.86
82.26
81.48
80.66
79.79
78.67

76.06 77.43

86.88
88.74
08.60
M 46
88.31
66.16
67.99
67.61
67.63
67.43
67.22
87.00
60.76
61M0
86.23
86.93
86.61
86.27
84.90
84.49
84.04
63.66
83.02
82.42
61.76
81.00
60.16
79.20
7609
76.61

68.66
88.62
88,38
88.24
68.08
87.92
67.76
87.67
87.38
6717
86.96
80.72
88.4s
66.21
86.93
66.62
8629
84.94
64.66
84.13
8367
83.16
82.61
81.99
8130
8063
79.66
78.60
77.61
76.19

68.46
88.31
88.17
e&02
87.86
8769
07.61
87.32
87.13
86.92
6669
80.46
Wm
66.92
86.63
86.32
64.98
84.61
84.21
83.77
83.30
82.77
82.20
81.66
80.86
8006
79.16
78,12
76.94
76.67

66.24
6J310
87.96
87.79
87.63
87.46
87.27
87.08
%68
8&66
86.43
M.la
86.02
66.63
86.33
86.01
84.36
642a
83 .?43
83.4!
82.92
6238
81.79
01.13
6040
7967
78.64
77.6t3
76..36
74.96

8&03
87.68
87.73
87.67
8? 40
8722
87.03
8&84
86.62
86.40
80.16
8591
86.64
8636
66.03
84.70
84.34
8394
83.62
83 .M
82.66
82.00
81.38
8070
79.96
79.10
713.14
77.04
76.79
74.33

87.82
87.67
87.51
67.36
87.17
8699
66.80
8&69
6637
80.14
6690
8&63
8636
86.06
84.73
64.39
84.02
8381
8318
82.70
82.1n
81 .Iii
8097
RO.27
7949
78.62
7763
76.60
76.21
73.71
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COMBUSTION EFFICIENCY TABLE FOR NUMBER 6 OIL

Properties ofivumber 6 Oil:

Molecular Weighk 338.0 ~bm]~ole

Specific Heat 0.480 ~

Enthalpy of Formation: -167 ~

Higher IIeating Value: 18300.0 ~

0.60
1.00
1.60
2.00
260
9.M)
9.60
4.06
46Q
660
6.60
6.00
6.60
7.00
7.60
8.00
.9.66
9.00
9.60

10.00
10.60
11.00
11.66
I 2.00
12.66
19(KI
19.66
14.00
14.60

0.60 16.77 .83.19
0.60 16.38 83.09
0.60 14.98 82.91
0.60 14.69 82.82
0.60 14.20 82.71
0.60 13.81 8261
0.60 13.41 82.60
0.60 1302 82.40
060 12.83 82.29
0.60 12.29 82.19
066 11.64 82.02
0.60 11.46 81.98
0.60 11.06 81.66
0.60 10.68 81.77
0.60 10.27 81.67
0.66 9.86 81.68
0.60 9.48 81.48
0.60 90a 81.36
0.60 8.70 81.26
0.60 8.30 81.14
0.60 7.91 81.64
0.60 7.62 80.93
0.60 7.13 4w.a3
0.60 6.73 M).72
0.60 &94 60.62
0.60 696 fM.61
0.60 6.66 80.41
0.60 6.16 86.30
0.60 4.77 86.20

0.10
0.10
O.oa
O.oa
O.oa
0.09
0.00
0.08
0.08
0.08
0.07
0.07
0.07
0.07
0.66
0.66
0.00
O.oa
O,oa
0.0(5
0.05
0.06
0.06
0.64
0.04
0.04
0.04
0.03
0.03

1.14
3.61
606
6.62

11.ze
14.29
17.37
20.63
2408
27.74
31.63
36.79
40.22
44.97
6606
66.64
61.46
67.84
74.70
82.34
90.61
92.68

166.69
120.79
133.16
147.04
162.73
I88.68
201so

16.00 0.60 4.36 80.06 0.03 22433

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, ‘1?)

310 320 330 340 3S0 360 370 380 390 400 410 420 430 440

87.76 87.66 87.36 87.14 86.94 86.73 86.63 88.33 86.12 66.92 06.71 86.61 86.30 66.10
67.61 87.40 67.19 66.98 88.78 86.67 86.36 88.16 86.04 86.79 86.62 136.31 86,11 84.96
87.46 87.24 67.03 68.82 86.86 86.39 68.18 86.97 86.76 86,64 86.33 86.11 64.96 84.69
87.30 87.08 86.86 68.64 86.42 8621 86.92 86.77 86.66 86.34 86.12 84 ,S0 84.86 84.47
87.19 88.60 68.86 86.46 86.24 88.01 86.79 86.67 86.96 86.12 84 .S0 84.68 84.46 84.23
68.96 66.72 86.49 66.28 86.04 86.81 86.68 86.36 86.13 84.80 64.67 84.44 84.22 83.99
66.76 66.62 6tL29 e&06 66.83 86.69 86,38 86.13 8432 84.68 84.43 84.19 8398 63.73
86.66 80.32 M 08 86.84 66.60 86.36 86.13 64.89 84.66 64.41 84S7 83.93 8369 8346
88.36 86.10 86.88 85.61 86.37 86.12 64 .8S 84.63 84 .9~ 8416 83.60 83.06 83.41 8317
68.12 86.67 66.62 86.37 86.12 64.87 64.62 84.37 84.12 63.66 83.61 83.36 83.11 82.88
86.88 86.63 66.37 8611 84.86 64.60 04,34 84.08 83.82 83.6’7 83.91 8306 82.79 82.64
85.63 86.37 66.10 84.84 84.67 6431 ffl.04 83.78 83.61 83.26 82.98 82.72 82.46 82.19
85.36 86.09 84.82 84.66 84.27 84.20 8373 83.48 83.16 8291 82.84 62.37 62.09 8182
86.07 64.79 64.61 64.23 83.96 83.67 83.39 83.11 02.83 82.66 92.27 Sl .99 61.71 8t .43
64.77 84.48 84.19 63.MJ 63.61 83.32 89.03 82.74 82.46 $2.16 81.87 81.68 81.29 81.01
64.44 84.14 83.84 83.M 8324 82.94 82.64 82.36 82.05 81.76 81.46 81.16 80.86 W 66
84.08 83.77 83.46 63.16 82.86 82.64 82.23 81.92 81.61 81.30 80.99 86.68 80.38 6007
83.70 83.38 83.06 82.74 82.42 62.10 81.78 81.46 81.14 80B2 80.60 MI.18 79.86 79.64
83.28 82.96 62.62 62.29 81.98 81.63 81.26 80.96 86.83 80.30 79.97 7964 79.31 78.97
82.83 82.49 82.14 81.80 81.40 81.11 80.77 80.42 80.08 79.73 79.39 79.06 78.70 78.38
82.34 61.98 61.62 81.27 80.91 80.66 80.19 79.83 79.48 79.12 78.76 78.40 78.04 77.69
81.80 81.43 81.08 60.68 80.31 79.94 79.67 79.19 78.82 76.45 78.07 77.70 77.33 76.96
81.22 80.83 80.44 80.06 79.66 79.27 78.68 76.49 78.10 77.71 77.32 76.93 76.64 76.16
60.67 80.16 79.76 79.34 78.93 76.62 78.12 77.71 77.30 76M 76,48 76.07 76.67 76.2%
79.86 79.42 76.99 78.66 78.13 77.70 77.27 76.64 76.42 76.99 76.68 ?6.13 74,70 74.27
79.04 78.69 78.14 77.69 77.24 76.79 76.33 76.88 76.43 74.98 74.63 74.08 73.63 73.i 7
78.14 77.66 77.19 76.71 76.23 76.76 76.28 74S0 74.33 73.86 73.3? 72.90 72.42 71.94
77.12 76.62 76.11 76.61 76.I O 74.86 74.09 73.66 73.66 72.67 72.07 71.68 71.06 70.66
76.98 76,43 74.89 74.96 73.81 73.27 72.73 72.19 71.88 71.12 70.68 70.04 6960 68.96
74.69 74.08 73.48 72.20 72.93 71.76 71.16 70.60 ‘70.02 69.46 88J37 66.29 67.72 67S4
73.09 72.47 71.86 712.3 70.61 69.99 69.37 68.76 66.1s 67.61 6(5B9 66.27 66.86 66.03,





COMBUSTION EFFICIENCY TABLE FOR NUMBER 6 OIL

t
4
F
i

Properties of Number 6 Oil:

Molecular Weight: 338.0 ,bm]~ole

Specific Ileat 0.480 ~

Enthalpy of Formation: -167 ~

D17 I

Higher Heating Value: 18300.0 ~

060
1.W
1.60
200
266
800
3.60
4.66
466
606
660
6.66
6.66
7.CQ
7.60
8.06
660
9.00
9.60

10.00
10.66
11.06
11.66
12.00
1266
I 9.60
19.66
1406
14.66
16.06

0.66
0.60
0.60
0.66
0.60
0.60
0.60
0.60
0.60
066
0.60
0.60
0.60
0.60
0.60
0.E4
0.60
0.66
0.60
0.66
0.60
0.66
0.60
0.66
0.60
0.66
0.60
0.66
0.60
0.66

16.77
16.38
14.98
14.69
14.20
1.’4.81
19.41
19.02
12.63
12.2.9
11.84
11.46
11.06
1066
10.27
9.86
9.48
9.09
8.70
8.30
7.91
7.51
7.13
6.7s
6.34
6.96
6.66
6.16
4.?7
498

89.1a
83.03
82.92
82.62
82.71
8261
8260
82.447
82.26
82.19
8269
81.98
el .66
el .77
81.67
81.66
81.46
81.96
81.26
81.14
81.04
60.93
80.63
60.72
&J.62
60.61
6fJ41
60.30
M.zo
80.09

0.1o
0.10
0.09
0.09
0.09
0.04
0.06
0.06
0.06
0.08
0.07
0.07
0.07
0.07
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
004
0.04
0.04
0.04
0.03
0.0s

1.14
3.61
6.0(
6.M

11.34
14.2$
17.31
26.6!
24.06
27,74
91.63
96.79
40.22
44.97
6606
66.64
61.46
6?.64
74.18
62.34
90.61
99.66

109.69
120.79
133.16
14704
162.73
160.68
!2m.to

0.03 224.93

COMBUSTION EFFICIENCY
(Efficiencies are listed by /lue gas temperature less surrounding temperature, OF)

690 600 610 620 630 640 650 660 670 680 690 700 710 72(

82.03 61.62 81.62 81.41 61.21 81.00 60.60 80.60 m.39
81.76

60.19
81.66

79.96 79.78 79.67 79.3’
81.36 81.14 80.93 80.72 80.51 60.30 80.09 7989

81.49 61.26
79,68

81.36 60.85
79.47 79,28 79.01

60.64 80.42 6021 al.oo 79,78
81.20

79.67
60.98

79,36
60.76 60.66

79.14 7893 78.7:
60.93 80.11 79.69 79.66 79.46

60.89
79.24 79.02

60.67 80.46
78.80 78.69 78.3?

80.23 60.00 79.78 79.66 79.34 79.11 74?.89
60.67

78.67
60.?6 60.12 79.89

78.46 76.22 78.0(
79.66 79.44 79.21 76.96 76.76 78.62

60.23
78.30

60.00 79.77
78.07

79.64
77.64 77.61

79.30 79.07 78.64 78.60 78.37
79.68

7814 77.60
79.64

77.67
79.40 79.16

77.44 77.21
76.92 76.68 70.44 78.21 77.97

79.60
77.73 77,4%

79.26 79.01
77.25 77,01 76.77

78.76 78.62 76.27 78.03 77.79 77.64
79.10

77.30 77,06
76.86

76.61 76.66 76.3:
76.69 76.34 76.09 77.64 77.69 77.94 77.09

78.67
76.84 76.69

78.41
7&34 76.09

78.16
76.62

77.90 77.64 77..38 77.12 76.87 76.61 76,35 76.09
76.22 77.96 77.69

76.84 76.66 76.32
77.42 77.16 76.69 76.63 76.36 76.10 76.63

77.73
76.67

77.46
76.,30 76.04

77.19 76.92
74.71

76.64 76.37 76.10 76.83 76.66 76.26 76.o1
77.22 76.94

74.74
76.66

74.46
76.36

74.1s
76.10 76.61 76.63 76.26 74.97

76.67
74.69 74,41

76.36
74.13 73.86

76.09 76.60
73.61

76.61 76.22 74.93 74.64 74.36 ‘74.66 73.77
76.07 76.77

73.46
76.48

73.19
76.18

72.96
74.68 74.68 74.26 73.98 73.66 73.36 73.09

76.44 76.13
72.79 72.49

7482 74.61
72.19

74.20 73.69 73.66 73.27 72.97 72.66
74.76

72.36
74.43

72.04 71.73
74.11 73.79

71.42
73.47 73,16 72.83 72.61 72.19 71JJ7 71.66

74.60 73.67 73.34
71.23 70.91

73.01
70.69

72.66 72,36 72.o2 71.68 71.36
73.20

71.02 70.69
72.86

70.36 70,03
72.61 72.16

69.70
71.62 71.48 71.13 70.79 70.44 70.10

72.32
69.76

71.96 71.60
69.41

71.24
69.07

70.66
66.72

70.63 70.17 69S1 69.46 89.06 66.74 66.38
71.36 70.98 70.61 70,24

66.02 67.66
69.66 69.49 69.12 68.74 86.37 66.00

70.30
67.62

69.91
67.26

69.62 69.13
66.66 4?4.60

66.74 86.36 67.96 67-67 67.1.6 66.79
69.13

66.40
66.73

66.01
66.32

6662
67.91

66.23
67.60 6709 66.66 66.28 66.87 66.46 66.06

67.84 67.41 66.99
64.64 64.23

66.66
63.83

66.13 65.70 66.27 64.64 64.41 63.96 63.66
66.40 66.96

63.13 62.70
66.60

62.27
65.06 64.60 64.16 63.69 63.24 62.79 62.34 61.69

64.79
61.44 60.69

64.31 63.83 63.36
66.63

62.86 62.40 61.93 61.46 6097 60.60 60.02
62.96

69.64
62.46

69.07 66.69
61.96 61.46 60.94 60.43 69.93 69.42 66.92 66.41 67.91

60.69
67.40

60.36
66.89

69.81
tw39

69.27 66.73 68.19 67.66 67.12 66.66 66.04 66.60 64.96
66.60

64.42
67.92

63S8
67.36 66.77 66.19 66.62 66.64 64.46 6389 63.31

66.73
62.74

66.11
62.16 61.66 61.01

64.49 63.67 6324 62.62 62.00 6196 60.76 60.14 49.62 48.90 48.26 47M



COMBUSTION EFFICIENCY TABLIZ FOR COAL

Properties of Coal:

Molecular Weighk 483.4 ,bm]~ole

Specific Heat 0.200ff#

Enthalpy of Formation: -2374 ~

Higher Iieating Value: 14203.0 ~

Dry Products of Combu:

s
000
0.60
I .30
160
200
260
300
960
400
460
600
650
600
660
700
7.60
000
8.50
9.00
9.60

10.00
10.60
11.00
11.60
12W
12.60
13.00
19.60
14.00
14.60

0.00
000
0.00
000
0.00
0.00
000
000
0.00
000
0.00
000
0.00
0.00
000
O.(M
000
0.00
0.00
0.06
0.00
0.00
0.00
0.00
0.00
0.00
000
000
0.00
0.06

16.00 0.00

18.66 81.42
18.13
17.69
17.26
16.81
16.37
16.92
16.48
16.04
14.64)
14.16
13.71
1327
12.83
92.39
11.94
11.60
11.06
10.62
10.18
9.79
9.29
8.8s
8.41
7.97
‘7.62
7.08
6.84
6.20
6.76
6.31

81.36
61.31
El .26
al .19
81.13
El .07
81.02
IW90
60.9?
60.84
80.70
80.73
80.67
6061
80.6s
eO.60
80.44
60.38
60.31
80.26
60.21
60.16
60.09
80.03
79.98
79.92
79.68
79.80
79.74
79.68

t

/ion Xij!;?.,,.:,...,...
%

%s02 EXCCSE
Air

0.06
O.MJ
0.00
000
0.00
000
0.00
004
0.06
0.00
000
000
0.00
0.06
0.00
0.00
0.00
000
000
0.00
000
000
0.00
000
0.00
0.00
0.00
0.06
0.00
0.00

O.(M
2.37
4.86
7.46

10.21
13.10
16.16
I 93!4
2282
26.44
30.30
34.4!
38.78
43.46
4848
63.86
69.66
6&92
72.71
80.08
Ml 3
9894

106.63
117.33
129.23
142.63
167.48
174.43
193.79
216.19

0.00 242.19

COMBUSTION EFFICIENCY

(Efficiencies are listed by flue gas temperature less surrounding temperature, ‘1?)

170 180 190 200 210 220 230 240 260 260 270 280 290 300

92.20
92.11
92.02
91.92
91.82
91.71
9169
91.47
91.34
91.20
91 .)6
90.90
93.73
90.66
90.37
90.16
89.94
89.71
89.46
89.17
68.87
88.63
68.17
87.76
87.31
86.81
86.24
86.60
84.87
84.02

91.96
91.80
91.76
9i .36
91.66
91.43
91.31
91.18
9104
90.90
90.74
90.58
90.40
90.22
90.01
89.80
8!).67
89.32
89.04
88.76
88.43
88.07
87.68
87.26
86.78
60.25
86.65
84.97
84.19
8330

83.04 82.26

91.71
91.61
91.61
91 .s9
91.28
91.16
91.03
90.89
W.76
9059
9043
90.26
90.07
89.87
89.66
89.43
8919
88.92
88.64
88.32
87.98
87.61
87.20
86.76
86.26
86.68
86.06
64.33
83.62
82.67
81.47

WI .qo

91.36
91,26
91,1!3
91.01
9of!J3
9074
90.60
9046
90.29
90.12
8993
89.74
8!3.63
89.31
8907
68.81
88.63
88.23
87.90
87.64
87.16
843.72
86.24
8671
86.12
64.46
63.70
82.64
81.84
80.68

WI .Z4

9].1 1
90.99
9087
90.74
90.61
90.46
9031
9016
89.98
WJ00
8!7.61
89.4 i
89.19
68.95
88.70
tw4n
68.14
87.R2
87.48
87.10
(W6!4
843.24
86.74
Ml 8
6..66
83.86
8307
82.16
81.12
79.90

90.97
90.86

W.73
9061
9(47
9033
9018
9002
89.05
8968
Rf?49
89 2!I
89.07
66.84
88.60
8834
88.06
87.74
87.41
87.06
86.66
8623
86.76
6623
8466
84.00
83.26
82.43
81.49
80.39
79.12

90.73
9060
9048
90.34
9020
9006
89.90
89.73
89.66
m 37
89.18
Ra 97
88.74
88.60
88.26
87.97
8767
87.35
8701
M.63
60.22
86.77
86.27
84.72
84.11
83.43
82.67
81 .Ilo
8081
79.67
70.33

90.48
90.96
9022
9008
89.93
89.78
89.62
89.44
89.26
89.07
88.86
88.64
8&41
88.16
87.89
87.60
87.29
%.96
86.60
86.20
86.71
$6.30
84.79
84.22
83.63
82.87
82.07
81.17
80.19
78.94

90.23
90.10
89.98
89.82
89.67
89.60
89.33
89,16
6696
8676
8&66
88.32
M.08
87.82
87.64
87.24
8&92
R41.67
60.19
86.78
86.39
84.34
84.30
83.71
83.06
82.31
61.48
80.63
79.46
78.21

‘77.66 76.76

89.09
69.86
89.71
69.68
8940
8!).23
89.06
M.87
8867
88.46
68.2?
88.00
87.74
67.47
87.16
86.87
86.64
86.17
86.78
86.36
84.89
8438
83.82
83.20
82.61
81.74
80.66
79.90
18.78
77.49
76.98

89.74
89.60
89.46
8!7.29
8913
88.96
88.77
8f.68
R8.37
8816
!3792
87.67
87.41
8713
66.83
8C.6i
M.16
86.76
8631
84.93
84.46
83.92
83.34
8269
8198
8118
60.28
79.27
‘?8.!0
76.76

8949
89.36
89.19
89.03
8886
MOE
88.49
83.29
8&07
87.86
87.61
8735
87.08
843.79
86.48
86.14
86.78
85.39
84.97
84.61
84.01
8346
8286
82.19
81.45
80.62
79.69
7863
77.43
7604

7620 74.41

89.26
8910
88 !?4
8877
68.69
t78.40
88 Zi
n800
87.78
8754
872!3
87.03
6676
8646
6&12
86.7?
86.40
85 W
M68
84 .0S
83.67
83.00
82.37
8168
60.91
EQcm
79.09
78.00
76.76
7631

8!l.OC
8884
88W
88.6(
8832
~1~

8792
8’/ 71
87.4P
81.24
809P
8071
8642
80.10
8677
86.41
FW.02
8460
n4.16
83.60
$3.12
82.64
81.89
81.!7
8038
79,49
78.60
77,37
76337
74 6a

73.63 72B4



COMBUSTION EFFICIENCY TABLE FOR COAL

Properties of Cod:

I

2t

Molecular Weight 483.4 lbm’~ole

Specific lieat 0.200 ~

Enthalpy of Formation: -2374 ~
“m *

Higher Heating Value: 14203.0 ~

,,,,::,,.:

Dry Products of Combustion ,::j:;::;
%

%01 %Co %Co, %Nl %302 ~;~

0.66 0.00 18.68 81.42 0.00 0.0(
0.60
1.00
1.60
2.00
2.60
900
9.60
4.s)6
4.60
600
6.60
6.60
6.60
‘7.00
7.60
8.60
8.60
9.00
9.60

1066
10.60
11.06
11.60
!200
12.60
1Scm
1966
14.00
14.60
16.20

000
0.60
0.00
0.06
0.00
000
0.00
000
0.06
006
0.06
000
0.06
006
0.00
006
0.66
OSJO
0.06
0.00
000
0.06
0.00
0.06
0.06
0.06
0.00
000
0.00
0.00

18.13
17.6?I
17.25
16.81
16.37
16.92
16.48
16.04
1486
14.16
13.71
13.27
12.83
12.39
1 I .94
11.66
11.06
10.62
10.16

9.79
9.29
8.86
8.41
7.97
7.62
7.06
6.64
620
6.76
6.91

81.38
fit .31
81.26
81.19
al.1 3
81.07
81.02
66.!36
ao.ao
86.84
86.78
86,73
6067
80.61
80.65
60.60
80.44
66.28
80.32
80.26
80.21
IW.16
80.09
86.03
79.98
79.92
79.88
79.86
79.74

0.00
0.00
Osxl
0.00
0.00
0.00
O.ao
O.cm
O.cm
0.00
0.00
0.00
O.(M
0.00
O.QO
0.00
0.00
0.00
0.00
0.4)0
0.00
0.06
0.00
0.00
O.CKI
o.(n)
0.00
0.00
0.00

79fi9 0.00

2.3:
4,8(
7,4(

10.2I
13.1(
16.lf
19.39
22.82
36.44
30.3(
94.41
3870
43.4t3
46.40
63.80
6960
66.92
72.71
60.08
86.13
96.94

100.63
117.33
129.23
142.63
167.48
174.43
193.79
216.13
~

COMHUSHON EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, ‘F)

310 320 330 340 360 360 370 380 390 400 410 420 430 44fl

86.76 86.61 8t126 88.02 67.77 87.63 87.28 67.03 66.79 86.64 66.29 86.05 86.80 86.IX
86.69
68.42
88.24
86.06
87.66
87.64
87.42
67.18
86.93
86.67
86.38
86.08
66.76
86.41
86.04
84.84
84.21
83.74
83.24
62.68
82.07
81.41
60.67
7986
78.93
77.96
76.73
76.40
73.86
72.06

8834
88.17
87.96
87.78
B7.68
87.3G
87.13
6689
86.63
86.36
86.06
8575
85.42
a6.w
8466
84.26
83.82
83.34
82.81
82.24
81.61
80.92
80.16
79.31
78.37
77.30
76.10
74.72
73.13
71 .2a

68.69
67.91
87.72
87.62
87.30
87.08
86.fi4
6&69
8&32
8604
85.74
86.42
85.07
8471
84.31
83.89
83.43
82.93
82.39
81.80
81.16
80.44
79.66
78.78
17.81
76.71
76.47
74.04
72,40
70.49

87.84
87.66
87.46
87.26
87.03
86.R6
86.66
%29
86.02
86.73
8!5.42
86 .s)9
84.73
84.36
83.96
83.61
83.03
82.52
81.26
81..36
66.69
79.96
79.I 5
78.26
77.24
76.11
74.63
73.37
71.66

67.69
87.39
87.19
80.98
80.75
80.61
8620
86.00
86.71
86.4 I
86.09
8476
84.39
84.@
83.6a
63.19
82.64
82.11
81 .M
80.91
86.23
79.47
78.84
77.72
76.68
76.52
74.26
72.69
70.96

69.71 66.92

87.34
67.14
8893
66.71
86.4R
8&23
06.97
86.70
86.4 I
86.10
84.77
8442
84.06
6366
83.21
82.76
82.26
81.71
81.12
80.47
79.77
78.92
78.13
77.18
76.12
74.92
73.6a
72.01
70.23

8708
88.8a
(W67
a&44
fklm
85.96
86.68
86.40
85.10
84.79
84.46
84.09
83.70
63.22
82.66
F12.37
81 B6
81.30
80.69
80.03
79.31
7f4.6f
77.63
76.66
76.66
74.32
72.93
71.34
69.66

66.83
66.62
66.40
66.17
86.93
86.67
86.39
86.11
84.80
84.47
84.13
83.76
83.36
.92.94
82.46
81.92
81.46
80.69
86.27
79.69
78.84
78.03
77.1 !2
76.12
74.99
73.73
72.30
70.66
88.77

86.66
86.37
86.14
86.96
85.66
86.32
86.11
84.81
8449
84.16
83.86
8342
83.02
82.66
62.12
81.61
61.07
60.48
79.64
79.16
78.36
77.64
76.61
76.68
74.43
73.13
71.66
69.96
68.06

F!ma
66. I 1
86.68
f16.63
86.3a
i4rllo
84.82
84.6!
8419
6385
fH48
8309
82.68
82.23
81.76
81.24
60.68
80.08
79.42
76,70
77.92
77.06
76.11
7606
73.87
72,64
71.03
69.31
67.32

86.06
a6.66
86.61
8fi 36
85.10
84.82
84.63
84.22
838a
83.63
83.16
82.76
82.33
81 .M1
8! .39
60.86
60.29
7967
79.00
78.26
77.46
76.68
76.60
74.62
73.30
71.94
7040
68.63
8Mo

86.83
86.66
66.35
86.10
84.83
8464
84.24
63.92
M 68
83.22
82.84
8243
81 .!)9
81.62
8! .02
fU148
79.89
7926
78.67
77,82
77 .M
76.0!?
76.09
7398
72.74
71.36
69.76
67S6
65.87

86.68
86.34
86.(YI
8483
M .65
84.26
B395
83,62
83.27
82,91
8261
82.10
81.66
8117
8066
8010
79.60
78.86
7816
77.3R
76,64
76.61
74.69
7346
72,18
70.76
6913
67.28
66.14

66.3:
86.of
64.83
n4,64
M .27
83.08
83.64
t13m
8297
82.69
82.1 !7
8178
81.31
86.81
8029
79.72
79.! !
78.44
77.72
76.94
76.08
76.13
74.08
72.92
7162
70.1 1!
6S66
66.60
84.42

68.14 67.36 66.67 66.79 66.00 64.22 83.44 62.66 61.67



COMBUSTION EFFICIENCY TABLE FOR COAL

Properties of Coal:

Molecular Weighh 483.4 ,bm]\ole

Specific Heat 0.200 ~

Enthalpy of Formation: .2374 ~

Higher Heating Value: 14203.0 ~

000 0.06 18.66 81.42 Ooo 0.06
0.60
I .W
1.60
260
260
960
9.60
4.Jo
4.66
666
660
6SI0
8.66
7.06
7.60
8.00
860
9.00
960

1O.OQ
10.60
11.00
11.60
12.00
1260
1300
1960
1460
!4.60

0.00
0.00
000
0.00
000
000
000
000
0.00
0.00
0.00
0.00
0.00
0.60
0.00
0.00
000
0.00
0.00
0.00
060
0.06
000
0.00
000
O.(NJ
am
oOP
0.60

18.13
17.69
17.26
16.81
16.37
16.92
16.48
16.04
14.60
14.16
13.7i
! 3.27
12.83
12.99
1I .94
11.60
1100
10.62
10.18
9.73
9.29
8.66
841
7.97
7.62
?.06
6.f%
620
678

81.36
81.31
81.26
61.19
81 .I 3
81.07
81.02
80.90
80.90
IYJ.84
80.78
80.73
80.67
86.61
86.66
80.60
60.44
80.38
86.32
W.28
80.21
80.15
mm
80.03
7998
79.92
‘79.88
79.m?
79.74

0.00
0.00
Oi-m
O.CQ
000
Oao
000
006
0.00
000
O.lm
Olxl
000
000
0.00
0.00
000
000
0.00
0.00
0.00
0.00
0.00
000
0.00
000
000
0.00
000

2.37
4.86
7.46

10.21
13.10
16.16
19.39
22.82
26.44
30.30
34.41
38.78
49.46
46.46
63.88
69.66
66.92
72.71
8008
88.13
66.94

106.63
117.33
129.23
142.63
167.46
174.43
193.79
216.13

0.00 24219

COMBUS’I’1ON EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, “1?)

450 460 470 480 490 600 510 520 630 640 660 660 670 580

66.31 86.06 84.82 84.67 84.33 84.08 83.83 83.69 83.34 83.09 02.86 82.00 82.36 8X1 1
86,07
84.83
84.66
84.29
84.00
83.69
83.37
83.03
82.67
82.28
81.87
IX .43
80.66
80.46
79.92
79.34
78.72
78.04
77.30
76.60
76.61
74.64
73.67
72.38
71.06
69.66
67.86
66.93
63.69
61.08

64.82
84.67
84.30
84.02
63.72
83.41
63.06
82.73
62.36
81.97
81.66
81.10
60.62
60.11
79.66
78.96
78.32
77.63
76.86
76.06
76.16
74.16
73.07
71.86
7U.49
06.w
67.23
66.26
62.96
60.30

84.67
fw31
84.04
83,76
83.46
83.13
82.79
82.43
82,00
81,66
81.22
80.77
80.28
79.76
79,19
78.69
77.93
77.22
70.46
76.61
74.69
73.68
72.66
71.32
69.93
66.37
60,66
64.67
62.24

84.32
64.06
83.78
8346
83.17
62.86
82.60
82.14
81.76
81.34
60.90
60.43
79.93
79.40
78.83
76.21
77.64
76.81
76.03
76.17
74.23
73.26
72.06
70.78
69.37
67.77
66.96
63.90
61.61

64.07
63.66
83.61
83.21
82S0
82.67
82.21
81.84
61.46
81.03
80.68
60.10
79,69
79.06
78.46
77.83
77.16
76.41
76.80
74.73
73.77
72.71
71.66
70.26
66.80
67.17
66.33
63.22
60.79

83.82
8364
8326
82.96
82.62
82.2s
81.92
81.64
81.14
60.71
80.26
79.77
79.25
78.69
7a09
77.46
76.76
7606
76.16
74.29
73.31
72.23
71.04
69.72
08.24
6f.6f3
84.69
62.64
60.0s

83.67
83.28
82.99
82.86
62.36
82.00
81.63
al .26
80.84
66.40
79.93
79.44
78.91
78.34
77.73
77.07
76.38
76.69
74.76
73.84
72.66
71.76
70.63
69.18
67.66
6698
64 .S16
61.07
69.33

83.31
83.03
82.73
82.41
62.07
81.72
81.36
86.96
80.63
80.03
79.61
79.10
78.66
77.98
77.36
76.69
76.97
76.18
74.33
73.40
72.36
71.26
70.03
66.6F
67.12
66.39
63.43
61.19
66.61

83.00
62.77
82.46
82.14
81.80
81.44
61.06
80.66
66.23
79.77
79.29
78.77
76.21
77.63
77.00
76,3!
76.66
74.78
73,91
72.96
71.92
70.78
69.62
6S12
6665
64.7s
62.79
00.6i
6711!3

82.81
82.61
82.20
61.87
61.62
81.16
80.77
80.38
79.92
79.46
78.97
78.44
77.M
17.26
76.63
76.93
76.113
74.37
7348
72.62
71,46
70.30
69.01
67.69
66.99
04.19
6216
69.84
67.16

82.66
82.26
81.94
81.60
81.26
80.87
80.48
86.06
79,62
79.14
78.64
78.11
77.64
76.92
76.28
76.66
74.79
73.66
73.06
72.08
71.00
69.82
6%61
67.06
66.43
63.@
61.63
69.16
60.43

82.31
82.00
81.67
61.33
80.97
80.69
60.19
79.76
79.31
76.83
7a.32
77.78
77.19
76.67
76S0
76.18
74.40
73.66
72.04
71.63
70.64
69.33
6600
66.K2
64!36
63 W
69.89
58.48
66.70

82.06
81.74
81.41
61 .X3
80.70
80.31
79.90
79.47
79.01
78.62
78,6@
77.44
713.86
76.22
76.63
74 .I!@
74.01
73.16
72.21
71.19
7008
66.6E
fj? 4q
65.99
64.30
6241
(W26
67.8:
64.9~

81.81
81.49
81.16
80.79
80.42
80.03
79.61
79,17
76.70
78.20
77.66
77.11
76.61
76.60
76,17
7442
73.6i
72.74
71,79
70.76
69.62
68.37
6699
66.46
m 74
61 .8i
6963
57.13 :
6425 I

69.6Z 66.73 67.95 67.16 66.343 66.60 64.81 64.03 63.24 62.46



1

-a
Cr4

1

COMBUSTION EFFICIENCY TABLE FOR COAL

Properties of Cod:

Molecular Weight: 483.4 ~bm’~ole

BTU
Specific Ileat: 0.200 ~

Enthalpy of Formation: -2374 ~

BTU
Higher IIeating Value: 14203.0 ~

006 0.00 18.68 81,42
0.66
!60
160
200
260
9(!0
9.60
4.Jo
460
600
660
6.00
6.60
7.00
7.60
8.00
8.60
9.00
9.60

f0.00
10.60
11.00
11.60
12.00
I 2.50
1900
I 3.641
1400
14.60
1600

0.00
O.CQ
O.w
0.00
006
O.(K3
0.00
O.lxl
0.00
006
0.06
0.00
0.60
0.60
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
000
O.rm
000
060
0.60
0.60
O.&l

18.1s al .s6
17.69 81 .S1
17.26 at ,26
16.61 81,19
16.37 al J.9
16.92 81.07
1648 81.02
1604 6(.96
14.Ga 6090
14.16 W.34
13.71 80.78
1227 60.73
12.83 60.67
12.39 60.61
11.94 60.66
11.60 60.60
11.06 60.44
10,62 60.36
10.18 60.32

9.78 60.26
9.29 30.21
8.65 m.16
8.41 60.09
7.97 60.03
7.62 79.9s
7.06 79.92
6.64 79.66
6.20 79.60
6.76 79.74
6.31 79.69

0.00
0.06
0.06
000
000
000
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
000
000
0.00
0.00
0.00
0.00
0.06
000
0.00
0.00
000
0.06
0.00
0.00
0.00

Ooc
2.37
4.66
7.46

10.21
19.10
1616
1939
22.8’2
26.44
30.30
3441
3s.70
43.46
48.48
6986
69.00
66.92
72.71
6006
3s.13
96.94

106.63
117,33
129.23
142.I53
167.46
174.43
19379
216.19

0.00 24219

Combustion EFFICIENCY
(Efficiencies are listed by /lue gas temperature less surrounding temperature, “I?)

590 600 610 620 630 640 650 660 670 680 690 700 710 720

81 .s6 81.62 81.37 61.1S 60.66 60.G3 60.39 60.14 79.66 79.66 79,40 79.16 78.!31 78 Go
81.66 61.30 al .06 So.so 60.66 60.30 SO.05 79.79 79.64 79.26 79.04 78,79 78.64 78,29
81.23 60.97 80.71 60.46 60.20 79.94 79.G9 7$.43 79.17 76.92 78.66 78.40 76.16 77.69
6&89 60.62 60.36 60.10 79.64 79.57 79.91 79.06 70.78 76,62 78.26 78.00 77.73 77,47
60.63 60.26 79.99 79.72 79.46 79.18 78.91 78.64 78.96 78.11 77’64 77.67 77.30 77.03
60.16 79.87 79.lw 79.32 79.04 78.77 76.49 76.22 77.94 77.67 77.39 77.12 7G.84 7667
79.74 79.46 79.18 78.90 78.G2 78.33 76.06 77.77 77.49 77.21 76.92 76.G4 7G.3G 76.08
79.32 7903 78.74 71i.46 76.16 77.G8 77.69 77.30 77.01 76.72 7G.43 76.14 7ti85 76.fii
78.67 78.68 78.26 77.98 77.G9 77.39 77.09 76.79 76.60 7620 76.90 76.61 76.31 75.01
78.40 78.09 77.79 77.48 77.18 76.67 7667 76.26 76.96 76.G5 76.36 76.04 74,74 74.43
77.89 77.68 77.26 7G.96 76.64 7G.32 7601 76.70 76.36 76.07 74.76 74.44 7413 73.82
77.36 77.03 7G.71 76.39 7G.OG 76.74 76.42 76.09 74.77 74.45 74.13 73.s0 73.48 73.IG
76,76 7G.46 76.11 7678 76.46 76.12 74,79 74.46 74.12 73.79 73.46 73.12 72.79 72.46
7G.I7 7682 76.48 76.14 74.79 74.45 74.11 73.77 73.42 73.08 72.74 7240 72.06 7171
76.61 76.16 74.60 74.46 74.09 73.74 73.3s 73.03 72.6S 72.32 71.97 71.62 71 .2G 70.91
74.60 74.44 74.07 73.70 73.34 72.97 72.61 72.24 71.36 71.61 71.14 70.76 70.41 70,05
74.04 73.66 73.26 72.91 72.63 72.15 71.77 71.39 71.01 70.63 70.26 69.66 69.60 69.12
73.22 72.83 72.43 72.04 71.G6 71 .2a 70.66 70.47 7006 69.G9 69.29 66.90 66.5t 6s12
72.33 71.92 71.62 71.11 70.70 70.29 69J33 69.48 69.07 66.C43 66.26 67.66 67.44 67.03
71.36 70.94 70.62 70.09 69.67 69.24 66.82 66.40 67.97 67.65 67.12 60.70 60.23 66.s6
70.31 69.87 69.43 6s.98 6s.64 66.10 67.66 67.22 M.77 66.33 6689 65.46 66.01 64.66
69.16 6S.69 6S.23 67.77 67.31 66.66 66.39 66.92 66.46 66.00 64 .M 6406 63.62 63.16
67.S6 67.40 00.92 66.43 66.96 66.47 64.92 64.50 64.02 63.M 63.06 62.67 62.09 61.61
66.48 66.97 66.47 64.96 64.46 63.96 63.44 62.93 62.43 61.92 61.41 60.91 60.40 69.69
64.92 64.39 63.86 63.32 62.79 62.25 61.72 61.19 60.66 60.12 69.69 69.06 68.62 67.22
63.18 62.61 G2.06 61.49 60.93 00.36 69.60 69.24 66.67 6s.1 1 67.fi6 66.99 6642 66.66
61.22 60.62 60.02 69.43 6&63 63.24 67.04 67.04 66.46 66.66 66.26 64.66 64.00 63.47
6s.62 6sS6 67.73 67.02 66.46 66.S3 66.t9 64 .M1 63.92 63.22 62.66 62.02 61.39 50.76
56.46 66.78 66.10 64.42 63.76 6307 62.99 61.72 61.04 60.37 49.69 49.01 48.34 47.66
63.62 62.60 62.07 61.36 60.62 49.69 49.17 46.44 47.72 46.99 46.20 46.64 44-61 44.0s
60.11 49.32 48.64 47.76 46.97 46.19 45.40 44.62 43S4 43.06 42.27 41.48 40.70 32.92



COMBUSTION EFFICIENCY TABLE FOR COAL

Propertie9 of Cod:

Molecular Weight 483,4 &

Specific Ileati 0.200 ~

J3’ru
Enthalpy of Formation: -2374 ~

BTU
Higher IIeating Value: 14203.0 ~

!,::::;:.:: .:
. . . . . . . . . . . .

Dry Products of Combustion .;::;:;:’!::;
,,:.,,:.,,,.:,

%01 %Co %Co, %Nz %s0, E;;”

000 010 1861 8139 000 -622
050
190
160
206
260
900
960
4.-10
4.60
500
660
600
6.66
7.00
760
8.00
860
9(F3
966

1O.w
10.66
11.00
1160
1200
12.60
1900
13.60
1400
1466

010
~!g

0.10
0.10
0.10
010
010
0.10
010
0.10
010
010
010
010
0.10
0.10
0.10
0.10
0.10
010
0.10
0.10
0.10
0.10
0.10
0.10
0.10
010
0.10

1801
17.63
1719
1674
1%30
I 6.86
i6.42
i497
14.63
1409
13.66
13.21
12.76
12.32
11.86
11.44
11.00
10.65
1o11

9.67
923
8.78
8.34
7.90
7.46
702
6.67
613
6.69

8133
8127
81.21
8116
81.10
8104
80.98
8092
80.8?
S0.81
86’?5
8L.G9
8663
8068
806’3
8046
8040
6036
80.29
80.Z3
80.17
am 1
80.06
80.00
7994
79.8a
79.82
79.77
79.71

006
Ow
O.w
Ow
0.00
O.w
000
0.00
Ow
O.w
Ow
0.00
O.(M
O.w
Ow
0.00
O.w
0.00
000
0.00
0.00
0.00
0.06
006
0.00
0.00
0.06
0.00
O.w

2.1$
4.IX
7.2C
9.93

12.81
16.M
!9.07
22.48
26.09
29.92
34.01
3L.3e
43.01
48.60
6336
69.11
65.33
72.07
79.39
87.97
86.11

105.72
116.34
128.19
141.30
16( III
17Z87
192.02
214.09

16.00 0.10 K.26 79,645 0.00 239.81

COMBUSTION EFFICIENCY

(Efficiencies are listed by flue gas temperature less surrounding temperature, “1?)

170 180 190 200 210 220 230 240 250 260 270 280 290 300

9i.03 91.78 91.64 91.29 9i .06 90.80 90.66 W.91 90.M 89.82 8967 89 OEI
91.93
9! .04
91.73
91.62
91.61
91.39
91.26
91.13
90.98
w .83
90.67
90,49
9031
80.1 I
89.90
89.67
89.42
89.16
88.86
88.65
8J3.26
87.82
87,40
86.93
86.40
86.81
86.15
84.39
83.61

91.38
91.58
9147
9136
91.23
91.11
9097
60.83
6066
90.62
$X35
90.16
89.97
89.76
89.63
89.29
89,03
88.76
88.44
88.11
87.74
87,34
6i.89
8640
86.64
86.22
84.62
83.72
82.79

9143
91.32
91.21
9! ,09
9096
90,83
9068
9063
0037
90,20
9002
89.83
8963
8941
8917
8f91
8864
6834
88.02
87.67
87.28
66.86
86.39
86.87
8528
84.63
8339
83.04
82.07

91.18
91.07
9095
9082
90.69
9064
90.40
90.24
9007
w e9
8970
8960
89.28
8905
6880
8864
8826
87.94
87.60
87.23
86.82
80.37
8586
8633
84.?2
04.04
83.26
82.37
8[ .36

9093
90.8[
9068
90.66
90.4i
80 2(!
90.11
8994
8977
8968
89..38
8917
6894
8t170
8844
8J316
$7 .J46
87.63
8717
%.79
86.36
8689
85.38
84 .S6
84.16
8344
82.63
81.70
80.62

82.49 81.71 80.93 86.16 79.37

90.68
8066
9042
W28
60.1+
89.98
89.82
89.64
f19.46
89.27
8906
88.64
8F.GO
88.36
fwoll
87.78
87.47
87.12
86.76
8036
86.90
85.41
84.87
64.27
83 GO
82.86
82.00
81.02
7996

60.43
W.30
9016
96.01
89.86
89.70
6963
89.36
89.16
E-R.96
88.74
88.51
68.26
87 .S9
87.71
8741
87.07
80.72
86.33
85.91
85.44
84.93
8437
83.74
8304
82.26
81.37
80.36
79.18

78.69 77.82

96.18
9(MM
89.80
89.76
89.59
89.42
89.24
89.06
68.86
88.64
86.42
88.17
87.92
87.64
87.36
87.03
86.68
86.91
86.91
86.47
64.98
84.46
83.66
83.21
B248
81.67
80.74
79.68
78.48
77.64

89.93
89.78
89.84
89.48
89.3t
89.14
68.96
8f.78
8866
88.33
8809
87.84
87.38
87.29
86.98
R6.66
86.29
86.90
86.48
86.02
8462
8397
83.36
8268
81.92
8107
86.1 I
79.01
77.74
78.28

8968
89.63
8937
8921
89.04
8W16
88.66
8846
88.24
88.02
87.77
87.61
87.23
86.94
8C62
86.27
86.90
8666
8606
8468
64 .M
83.49
8286
82.16
81.36
86.48
79.48
78.33
77.02

8943
8927
89.1 i
6&94
88.76
88.67
88 .<?8
88.16
87.94
87.70
87,46
87.18
66.89
86.58
86.26
8590
86.61
8509
6464
84.14
8360
83.01
82.35
81.62
60.84
79R9
78.86
77&3
76.29

w .33
8917
8902
6886
M 67

88.4$3
mm
m.o!l
87R7
87.64
87 3!?
87.13
8686
,%.66
86.23
8689
8562
8512
M 69
84.22
8370
83! 4
82.63
01.85
8109
6024
79.29
7822
?6.99
7&67

8%92
f4t17t7
8J4.69
?,841
8821
8801
87.80
87.67
87.33
87.08
8681
80 h2
8621
m 88
86.62
861+
84.73
8426
S3.79
83.2G
R268
8206
81 .?4
80.66
?9.66
N4.70
776?4
76.32
74.86

88M
88.67
8860
88.32
8814
87.94
87.73
87.61
87.28
8703
R6.77
66.49
8G19
85 .R?
86.63
8K16
84.76
8434
8387
8337
132.ri2
82.22
81641
84164
8003
7912
7f!it
76.96
?6 64
14!3

76.48 74.70 7~,g~ 73.14 72.37-



COMBUSTION EFFICIENCY TABLE FOR COAL

Properties of Cod:

Molecular Weight 483.4 ~bm’~ole

Specific Heat 0.200 ~

Enthalpy of Formation: -2374’~

Higher Heating Value: 14203,0 ~

COMBUSTION EFFICIENCY
(Efficiencies are listed by @e gas tenlperature less surrounding temperature, ‘Z?)

310 320 330 340 360 3G0 370 380 390 400 410 420 430 440

0.00
0.60
1.Im
1.60
2.00
2.60
9.00
3.60
4.66
4.60
6.00
5.66
6.00
6.66
7.00
7.60
8C47
8.60
900
9.60

10.00
10.60
11.00
11.60
I 2.00
12.60
19.00
19.66
14.00
14.60
16.00

0.10
0.10
0.10
0.!0
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

10.61
18.07
17.63
17.19
16.74
16.30
16.66
16.42
14.97
14.69
14.09
13.66
19.21
12.76
12.32
11J36
11.44
11.06
10.66
10.11

9.67
9.23
43.78
6.34
7.90
7.46
7.02
6.67
6.19
6.69
6.26

61.39
81.33
61.27
81.21
81.16
81.10
61.04
60.96
66.92
66.87
60.81
60.76
60.69
60.63
60.66
86.62
60.48
60.40
66.36
80.29
60.23
66.17
80.11
60.06
60.00
79.94
79.66
79.62
79.77
79.71

0.06 -0.2:
0.00
0.06
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
O.cm
0.00
0.00
0.00
O.(xl
0.00
0.00
0.60
0.00
0.00
0.60
0.00
0.00
0.03
0.00
0.03
0.00
0.o1
0.00

2.1:
4.6(
7.2(
9.9:

12.81
16.64
I9.0
22.46
28.0!
29.92
34.01
36.34
43.01
46.WJ
63.36
69.11
6533
72.07
79.39
87.37
96.11

106.72
116.34
128.13
141.30
166.11
11287
192.02
2) 4.09

79.66 0.00 23981

68.59
E41,42
68.26
6E08
87.87
87.66
87.46
67.22
66.98
66.72
66.46
66.16
66.66
66.63
86.17
84.79
64.39
63.94
63.47
82.96
82.38
M .76
81.06
66.33
79.60
78.66
77.62
76.33
74.97
73.41

68.34
68.17
87.99
87.60
87.60
87.39
67.17
86.93
86.68
86.42
66.14
86.64
86.62
85.16
S4,82
84.43
64.01
83.66
&7.06
82.63
81.94
81.31
66.60
79.63
78.97
78.00
76.92
76.70
74.30
72.69

71.69 7081

86.10
87.92
87.73
87.64
87.33
87.12
86.89
66.64
86.39
66.12
86.83
86.I52
86.19
84.84
84.47
84.06
63.63
83.16
82.66
82.10
81.60
80.86
60.12
79.32
78.44
77.44
76.33
76.07
73.63
71.96
70.03

87 a5
87.67
67.48
67.28
67.06
86.84
6661
86..36
ffioil
86.81
Rli.62
8620
84.86
84.60
84.11
83.70
al.21i
82.77
62.26
81.08
61.06
80.39
79.64
78.82
77.90
76.68
76.74
74.44
72.86
71.24

67.61
67.42
87.22
87.01
66.60
68.67
66.32
66.07
66.60
66.61
86 m
84.88
84.63
64.16
63.76
83.34
82.6JJ
62.38
81 4+4
8! .28
60.62
79.93
79.16
76.3I
77.37
76.32
76.14
73.81
72.28
70.62

69.26 66.47

87.36
87.17
86.96
66.76
86.63
%.22
68.04
66.76
86.60
8620
64.89
8-.66
84,20
83.82
83.41
82.97
82.60
61.99
81.44
80.M
8016
79.47
76.88
77.8[
76.84
76.76
74.66
73.I 8
7161
69.66

67.I I
66.92
88.71
66.49
86.26
68.02
86.76
66.49
R6.20
84.9Q
84.68
84.23
83.87
83.48
63.06
82.61
82.I 2
61.66
8103
60.41
79.74
79.01
76.20
77.30
76.31
76.20
7396
72.66
70.94
69.06

67.69 86.91

66.87
66.67
86.46
66.23
8699
66,74
8S.48
86.20
64.91
84.60
84.28
83.91
83.64
83.13
62.70
62.24
8174
81.21
80.62
79.99
79.30
78.66
77.72
76.60
76.78
74.64
73.37
71.92
70.26
66.35

66.62
66.41
86.20
66.97
66.72
66.47
86.m
64.91
64.61
M .28
63,96
63.69
83 m
82.79
82.36
81.66
81.37
80.82
60.22
79.67
78.66
78.09
77.24
76.30
76.26
74.011
72.77
71.29
69.69
67.64

66.36
66.16
86.94
86.70
86.46
86.19
84.92
64.62
84.32
83 WI
83.84
63.27
82,87
82.46
82.fM
81.61
W.w
60.42
79.6{
79.16
78.42
77.63
76.76
76.79
74.72
73.62
7218
70.66
66.92
66.91

66.13
66.91
85.66
65.44
65.19
84,92
64.6-4
84.34
84.02
63.86
83.33
82.96
62.64
82.11
61.66
81.16
6&61
60.03
79.41
78.72
77.98
77.17
76.27
76.29
74,19
72.98
71.69
70.03
66.26
66.19

66.14 66.36 64.66 63.66

86.69
86.66
86.43
86.18
64.92
8464
84..76
84 .0S
83.72
83.38
83.01
82.63
82.21
81.77
81.29
80.78
60.23
79.434
79.00
78.30
77.64
76.71
76.79
74.76
73.66
72.40
70.99
69.40
67.67
66.47
63.02

86.64
86.41
66.17
64.92
6465
84.37
8407
83.76
83.43
83.08
82.70
82.30
81 .J?s
81.43
80.!44
8042
7986
7925
78.69
77.88
77.10
7626
76.31
74.28
73.13
71.84
70.40
68.77
66.90
64.76
62.24

8640
86.18
8491
84.65
84.38
64.09
83.79
83.47
83.13
8277
8239
8198
8! .66
61.08
80.69
8606
79.48
‘76.86
78.19
77.40
76,68
76.79
74.83
73.77
72.60
71.28
69.81
68.14
66.23
H .03
61.46



COMBUSTION

Properties of Cod:

Molecular Weight: 483.4 ,bm’~ole

BTU
Specific Heat: 0.200 ~

Enthalpy of Formation: -2374 ~

Dm 1
IIigher Ileating Value: 14203.0 ~

,::,.,:..,.,.

Dry Products of Combustion :::~:~:~f::.;;:::::,:;:~:
%

%01 %Co %Co, %Nl %s0, E;:”

0.06
0.60
1.X1
1.60
2.00
2.60
3.60
3.60
4.Slo
4.60
6.00
6.60
6.00
6.60
7.00
7.66
8.00
8.60
9.00
9.66

10.00
10.60
11.00
11.60
! 2.00
!260
1300
1360
i40c
1460

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.!0
0.10
0.10
0.10
0.10
0.10
010
0.10
0.10
0.10
0.10
0.10
010
0.10
0.10
010
0.! c
0.10

18.61
1807
17.63
17.19
1&74
16.30
16.86
16.42
14.97
14.63
1409
19.66
J 3.21
12.76
12.32
11.88
11.44
11.00
I0.66
10.I 1
967
9.23
8.78
834
7.WJ
7.4!3
7,02
667
6.13
6 W

81.39
81.33
81.27
81.21
8115
81.10
81.04
80.98
8C.92
8087
8081
86.76
8069
84).63
60.66
80.62
80.46
80.40
80.36
80.29
80.23
80.17
80.1 t
80.05
80.00
79.94
79.88
79.82
79.77
79.7i

.6.23 79.6.6 .

0.06
0.00
0.06
O.(M
0.00
0.00
0.00
0.06
0.00
0.00
O.cm
O.rm
0.00
0.06
0.06
0.00
0.06
0.06
0.06
0.06
0.06
0.06
0.00
0.06
O.cm
0.00
0.06
O.cm
0.06
0.00

-0.23
2.12
4.W
7.20
9.93

12.61
16.86
I9.07
2248
28.09
29.92
34.01
3836
43.01
48.00
63.36
69,11
6$.33
72.07
79.39
87.37
96.11

105.72
116.34
12S.13
14130
1661i
172.87
192.02
214.09

0.00 239.81

EFFICIENCY TM3LE FOR COAL

COMBUSTION EFFICIENCY

(Efficiencies are listed by flue gas temperature less surrounding temperature, OF)

460 460 470 480 490 500 510 520 630 640 550 560 670 680

83.68 83.43 83.18 82.94 82.G9 02.46 82:20 81.9686.16
84.91
84.6a
84.39
84.11
83.62
83.61
83.18
82.84
82.47
82.08
81.645
61.22
80.74
60.23
79.69
79.10
78.41
77,78
77.03
76.22
76.33
14.35
73.27
‘72.07
70.?2
69.22
W.b!
65.66
63.3!
60.6s

84.30
84.66
84.40
84.13
83.66
83.66
83.23
82.69
82.64
82.16
81.76
81.34
80.69
80.40
79.88
79.32
78.72
78.08
77.27
76.61
76.78
74.87
73.87
72.76
71.64
70.16
68.62
66.8-5
64.38
62.66
69.91

84.68
84.41
84.14
83.87
83.68
83.27
82.95
8261
82.24
81.86
81.46
81.02
80.66
80.06
79.63
78.96
7836
77.69
76.97
76.19
76.34
74.41
73.39
72.26
71,01
69.60
68.03
60.26
64 .2!
61.X
69.13

84.41
84.16
03.09
83.61
83.31
83.00
82.67
82.32
81.96
81.66
61.14
80.70
80.22
79.72
79.18
78.60
77.97
77.29
76.66
76.77
74.90
73.96
72.91
71 .7K
70.4’7
6904
67.44
65.62
63.64
61 .i 4

84.17
83.91
83.63
83.34
83.04
82.72
62.38
82,03
81.66
81.26
l!O.83
80.37
79.89
79,38
78.82
78.23
77,69
76,90
76,16
76.34
74.48
73,49
72.43
71.26
69.94
68.48
6(W4
6499
62.86
60.42

68.9s 67.67

8X92
83.68
83.38
83.66
82.77
82.46
82.10
81.74
81.36
80.96
8061
IW.06
79.66
79.03
78,47
77.87
77.21
76.61
76.76
74.92
74.02
73.03
71.96
70.76
69.41
67.92
66.26
6436
62.19
69.7G
66.79—.

83.40
83.12
82.82
82.66
82.11
81 J32
81.46
81.06
80.64
80.20
79.73
79.23
78.69
78.12
77.60
76.84
76.12
76.34
74.60
7368
72.67
?l .46
70.24
68.88
6736
66.66
63.73
6} .62
68.9%
66.01

83.16
82.@$
82.66
82.24
81.90
81.64
81.16
60.76
80.34
79.89
79.41
78.90
78.36
77.77
77.14
76.46
76.73
74.94
7408
73.I 4
72.1:
70.98
69.74
68.36
66.80
66.07
63.10
~~~

68.26
66.22

82.90
82.61
82.30
81.97
81.62
81.26
86.87
80.47
80.03
79.66
7909
78.67
78.01
17.4 !
76.77
76.08
76.34
74.63
73.65
72.70
71.66
70.60
69.23
67.82
66.24
64.47
62.47
6017
67,62
64.4E

82.66
82.36
82.03
81.70
81.36
86.98
80.69
80.17
79.73
79.26
78.77
78.23
77,67
77.M
76,41
76.70
74.96
74,13
73.23
72.26
71.1s$
70.02
66.73
67.29
66.68
63.8R
61.84
69.60
68.81
63.68

82.40
82.09
8} .77
61.43
81.07
eO.70
80.30
79.87
79,43
78.96
78.44
77.90
77.33
76.71
76.04
76.33
74.66
73.72
72.81
71.82
70.73
69.64
68.23
66.76
66.12
63.2’3
61.21
68.83
6669

82.16
81.84
81.61
81.18
80.80
80.41
80.01
79.68
79.12
78.64
78,12
77.67
76.98
76.36
76.66
74.96
74.16
73.31
72.39
71.38
70.27
6906
67.72
66.23
64.6?
62.69
t%olw
68.1 e
66.37

81.00
81.58
81.25
80.90
80.62
80.13
79.72
79.28
78.82
78.32
17.80
77.24
76.64
76.(XI
76.31
74.67
73.77
72.91
71.97
70.94
69.81
68.66
67.2:
66.70
6401
62.10
6996
67.48
64.66

81.66
81.32
B&m
80.63
80.26
79.86
79.43
7899
78.51
78.01
77.48
70.91
76.30
76.66
74.96
74.20
7X38
72.60
71 .K4
70.66
69.36
08.10
86.71
65.! ?
8X45
61.61
69.32
6&8/
63.92:

62.90 62.12 6i 34 60.6S ;



COMBUSTION EFFICIENCY TABLE FOR COAL

1

-a
w

I

Properties of Coal:

Molecular Weight: 483.4 ~bm]~oje

Specific IIeat: 0.200 ~

Enthalpy of Formation: -2374 ~

BTU
Higher Heating Value: 14203.0~

1“”””-.:,:,,::,:::,,{.:,::.,,..

0.00
066
100

1.60
2.00
260
900
9.60
4.00
4.60
6.00
660
6.00
6.60
7.00
7.60
8.00
8.60
9.00
9.60

10.00
10.60
11.00
11.60
12.00
12.50
13.60
13.60
1400
14.60

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
010
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

18.61
18.07
17.63
17.19
16.74
1630
1686
16.42
14.97
1463
14.02
13.66
1321
12.76
12.32
11.68
11.44
11.00
10.66
10.11

9.67
9.23
8.70
8.34
7.20
7.46
7.02
6.67
6.13
6.69

81.39
81,33
81.27
el .21
61.16
81.10
81.04
80.98
80.92
80.87
80.81
80.76
80.69
80.63
80.68
80.62
80.46
80.40
80.35
80.22
K).23
80.17
20.11
80.08
8000
79.94
79.8a
79.82
79.77
79.71

0.00
0.00
0.00
0.60
O.m
000
000
0.00
0.00
O.m
0s)0
0.00
0.00
O(M3
0,00
0.00
000
0.00
0.00
0.00
0.00
0s30
000
Oso
O.(XI
0.00
0.(0
000
O.OQ
O.CQ

.02
2.1t
4.6(
7.2(
9.9:

12.81
16.8(
19.07
22.40
Zo.w
2!91
3401
38.36
4301
48.Wl
63.38
69.11
65.33
72.07
79.39
87.37
26.11

106.72
116.34
128.13
141.30
166.1i
172.67
192.02
21409

16.C@ 0.10 6.26 79.66 000 23981

COMBUSTION EFFICIENCY
(E/j7ciencies are listed by /lue gas temperature less surrounding temperature, “1?)

6!)0 600 610 620 630 640 650 660 670 680 690 700 710 720

81.71 81.47 81 .2A 80.97 80.73 80.48 80.24 79.99 79.76 79.60 79.25 79.01 78.76 78.62
81.40
81.07
60.72
80.38
79.90
79.67
79.14
78.69
78.21
77.70
77,16
76.68
76.96
76.3o
74.68
73.82
72.99
72.09
71.12
70.06
68.90
67.62
a6.21
64.64
62.89
60.92
68.69
66,14
63.20

81.16
80.81
80.46
80.09
79.70
79.29
78.!35
78.39
77.91
77.39
7684
76.2S
76.62
74.94
74.22
73.44
72.60
71.69
70.70
69.62
88.44
67.14
66.70
64.11
62.33
60.32
58.06
6&47
62.46

80.90
8666
80.20
79.82
79.43
79.01
78.67
7810
77.66
77.07
76.61
76,92
76.2S
74.69
73.86
73.08
72.21
71.2a
70,28
69.18
67.98
66.66
66.20
63.68
61.77
69.73
67.43
64.79
61.78

80.64
86.30
79.94
79.66
79.16
78.73
78.!?.8
77.80
77.30
76.76
76.19
76.66
74.93
74.24
73.49
72.69
71.82
70.88
69.86
68.74
67.62
66.17
64.69
63.64
61.21
69.14
66.80
64.12
61.04

80.39
80.04
79.67
79.29
78.88
78.46
77.99
77.61
76.99
76.46
76.87
76.26
74.69
73.88
73.19
72.31
71.43
70.47
69.43
68.30
67.08
66.69
64.19
62.61
60.66
68.M
66.17
63.46
60.32

80.14
79.79
79.41
79.02
78.60
78.16
77.70
77,21
76.69
76.I 4
76.66
74.92
74.26
73.63
72.78
71.93
71.03
70.08
69.01
67.86
66.60
66.21
63.66
61.98
60.09
67.96
66.64
62.78
49.69

79,89
79.63
79.16
78.76
78.33
77.8a
77.41
76.91
76.39
76.82
76.23
74.69
73.91
73.16
72.40
71.66
70.64
69.66
68.69
67.42
86.14
64.73
63.18
61.46
69.63
67.36
64.90
62.10
48i17

49.78 49.00 48.22 47.46 46.67 46B9 46.11

79.64
79.27
78.89
78.48
78.06
77.80
77.12
76.62
76.08
76.61
74.9f
74.28
73.67
72.63
72.03
71.18
70.2&
69.26
68.16
66.98
66.68
64.26
62.67
60.92
68.97
66.77
64.27
61.43
48.16

79.39
79.02
78.63
78.21
77.78
77.32
76.83
76.32
76.78
76.26
74.68
73.93
73.23
72.47
71.67
70.80
69.88
68.84
67.74
2A3.M
66.22
63.77
62.17
60.32
68.41
68.17
63.64
60.76
47.43

44.33 43.66

79.14
78.76
78.38
77.96
77.60
77.04
76.66
76.03
75.47
74.82
74.26
73.60
72.86
72.12
71.30
70.42
62.47
68.44
67.32
eato
64.76
63.22
61 .ea
59.86
67.86
66.6a
63.01
60.02
46.71
42.77

78.89
78.60
78.10
77.6R
77.23
76.76
70.26
76.73
7fi.17
7467
73.94
?3.26
72.64
71.77
70.94
70.04
89.08
68.03
66.90
66.68
84.30
62.81
61.16
69.39
67.22
64 .W
62.38
49.41
46.99
41.92

78.64
78.26
77.04
77.41
76.95
7(3.48
76.97
76.43
74.80
74.26
7362
72.93
72.20
71.42
70.67
69.67
68.69
67.63
66.47
66.22
63.84
62.33
60.66
58.80
66.73
64.39
61.76
4e.74
46.27
41.22

78.39
77.99
77.68
77.14
7668
76.19
76.(M
76.14
74.66
73.96
7330
72.66
71.86
71.06
70.21
69.22
68.80
67.22
66.06
64.78
63.38
61.86
60.16
68.27
66.17
63 .BO
61.12
48.07
44.54
40.44

78.14
77.74
77.32
76.87
70,41
76.!?1
76..39
74.84
74.26
73.84
72.98
72.27
71.62
70.71
69.84
68.91
67S0
60.81
66.63
64.34
62.92
61.37
69.66
67.74
66.61
63.21
60.49
47.39
43.82
39.66



COMBUSTION EFFICIENCY TABLE FOR COAL

Properties of Coal:

Molecular Weight: 483.4 ,bm]~ole

Specific Ileat: 0.200&#

Enthalpy of Formation: -2374 ~

mmI
Higher IIeating Value: 14203.0 ~

0.66
0.60
1.00
1.66
2.06
266
306
960
4SIO
4.66
6.00
6.60
6.00
6.60
I.cm
760
8.00
8.66
9.00
9.66

10.00
10.60
1!00
11.60
12M
12.66
1300
1960
1460
1460
16.00

0.60 18.26 81.26
0.60 17.81 81.19
0.60 17.97 81.13
0.60 16.92 81.07
0.60 18.48 81.01
0.60 16.04 80.96
066 16.60 80.60
0.66 16.16 80.84
0.60 14.71 60.78
0.60 14.27 80.73
0.60 13.83 8C.67
0.60 13.39 60.61
0.60 12.96 60.66
0.60 1260 60.49
0.60 12.ca 80.44
0.60 11.62 l?O.38
0.60 11.18 60.32
0.60 10.74 20.26
0.60 10.22 60.21
0.60 9.86 80.16
0.60 9.41 lw.09
0.64 8.97 60.03
0.60 8.62 79.97
0.66 6.08 79.9a
0.60 784 79.86
0.60 1.20 79.80
0.60 6.76 79.74
0.E41 6.31 79.69
Otw 6.67 7963
0.66 6.43 79.67
0.60 4.62 79.61

0.00
0.00
O.al
O.a)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.00
0.00
0.00
0.00
0.00
0.00
O.co
0.00
0.o1
0.00
0.00
0.00
0.06
0.06
0.00
0.00
0.00

-1.14
1.17
9.60
6.16
6.64

11.67
14.66
17.81
21.14
24.68
28.43
3243
36.66
41.23
46.10
61.32
6&93
62.99
69.66
76,68
84.41
0288

102.19
112.46
123.62
196.61
166.74
166.81
186.12
20616

0.00 230.68

COMBUSTION EFFICIENCY
(l%#iciencies are listed by flue gas temperature less surrounding temperature, ‘F.)

170 180 190 200 210 220 230 240 250 260 270 280 290 300

91.34 91.09 60.85 66.60 60.36 90.12 66.67 89.63 69.39 69.14 na.ao 88.06 66.41 68.17
91.23 60.98 90.73 00.46 90.23 69.96 8973 89.48 69.24 88.92 66.74 ea.49 66.24 87.69
91.11 90.86 66.60 W.36 96.02 F19.64 89.69 69.33 89.08 88.82 66.67 86.31 88.06 87.81
90.99 90.73 90.47 96.21 89.96 89.69 89.43 89.17 88.91 86.66 88.39 66.13 87.87 87.61
90.86 90.60 90.33 90.07 6WI0 89.63 89.27 89.00 86.74 68.47 88.26 87.94 87.67 67.41
90.73 90.46 96.10 89.91 89.64 89.37 89.10 88.82 88.66 88.28 twol 67.74 87.46 67.1 !4
90.69 90.31 W.03 89.76 69.47 69.19 6892 88.64 88.36 88.06 67.80 67.62 67.24 84196
90.44 90.16 89.87 89.68 69.36 89.01 88.72 86.44 88.16 87B7 67.68 87.36 67.01 8672
90.28 89.99 6969 69.40 89.11 8661 88.62 86.23 87.94 67.64 87.36 67.06 66.76 60.47
90.11 89.81 69.61 69.21 13&91 68.61 a&31 66.01 87.70 67.40 87.10 06.6o 66.60 80.20
89.93 69.63 89.32 89.01 88.70 66,39 88.08 67.77 87.46 67.16 8S.84 643.53 86.22 85.91
69.76 69.43 89.11 8679 66.47 68.1 fi 87.84 67.62 87.20 68.88 86.647 86.26 86.93 6661
69.64 69.22 8689 8660 68.23 87.91 67.68 87.26 88.92 86.e41 86.27 86.94 66.61 8629
89.33 86.99 86.66 88.32 87.98 87.64 87.30 86.96 86.63 86.29 66.96 86,61 86.28 64.94
89.10 86.76 68.40 68.06 87.70 87.36 67.01 86.86 66.31 86.96 66.61 85.26 84.92 84.87
86.86 68.49 66.13 87.77 87.41 87.06 86.69 a8.33 86.97 66.61 86.26 84.89 84.63 8417
88.69 66.21 67.84 87.47 87.10 86.72 8&36 86.98 66.00 86.23 84.66 84.49 84. I 1 63.74
88.30 67.91 87.63 87.14 86.76 86.37 86.98 86.60 66.21 64.82 64.44 84.06 83.67 6328
87.99 67.69 87.19 88.79 66.39 86.92 86.68 86.18 84.78 64.33 83.96 83.66 83.18 62.78
87.66 87.24 86.82 86.40 86.92 66.67 86.16 84.74 a4.32 83.60 63.49 83.07 82.66 82.24
67.23 66.66 66.42 86.96 86.66 86.12 84.68 84.26 63.82 83.38 62.96 62.62 82SM 81.66
86.88 66.43 86.98 66.63 66.07 84,62 84.17 83.72 83.26 62.81 62.36 81.91 81.46 81 .X3
86.44 86.97 66.60 66.02 64.66 84.08 83.60 63.13 82.68 82.1$ 81.71 01.24 80.77 80.29
86.96 86.46 64.97 6447 83.97 8348 82.98 82.49 81,99 81.49 81.06 80.60 6C.01 79.51
86.42 64.90 84.38 83.68 83.33 82.61 82.29 61.77 81.26 60.73 8f121 79.69 79.17 76.64
84.82 84.27 83.72 63.I 7 82.62 82.07 81.62 80.97 80.42 79.87 79.3.3 78.78 76.23 77.6a
64.14 8366 82.98 82.40 r41.82 81.24 140.cfi 80.08 79.60 78.92 7834 ‘77.76 77.17 76.69
83.38 82.77 62.16 81.63 6092 60,36 79.68 79.07 78.46 77.83 77.22 76 GO 7698 7637
82.62 8!.66 81.20 m.66 79.a9 79,2? 76.67 77.92 77.28 76.60 76.94 76.29 74 (33 7397
81.62 80.82 80.11 ’7941 78,71 7800 77.90 76.69 76.89 76.1!? 74.48 73.76 7307 7237
60.36 79.61 76.66 78.09 7793 76.67 76Mi 76.06 74.30 73.64 7278 72.02 71.27 70.61
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COMBUSTION EFFICIENCY TABLE FOR COAL

Properties of Coal:

Molecular Weighti 483.4 ,bm]~ole

Specific Heat 0.200 H

3’Z7J
Enthalpy of Formation: -2374 ~

Dwl
Higher }Ieating Value: 14203.0 ~

0.06
0.66
1.rxl
1.60
2.00
2.60
9.00
9.66
4.00
4.60
6.66
6.66
8.00
6.60
7.00
7.60
8.C41
8.66
9.06
9.60

10.00
10.60
11.00
11.66
1200
12N3
13.00
19.60
14.60
14.66

0.60 18.26 81 ?26
0.60 17X31 81.19
0.60 17.37 81.13
0.66 16.92 81.07
0.66 16.48 61.01
0.66 16.04 86.98
0.60 16.80 80.90
0,66 16.16 60.64
0.66 14.71 80.76
0.66 14.27 60.73
0.66 13.83 66.67
0.66 13.39 60.61
0.60 12.96 66.66
0.60 12.66 60.49
0.60 12.06 60.44
0.60 11.61 60.38
0.60 11.18 80.92
0.66 10.74 8L26
0.60 10.29 60.21
0.60 9S6 66.16
0.60 9.41 66.09
0.60 8.97 ml.03
0.60 6.62 79.97
0.66 8.00 79.92
0.60 7.84 79.66
0.60 7.20 79.80
0.60 6.76 79.74
0.60 6.31 79.69
0.60 6.87 79.63
0.66 6.43 79.67

0.00 -1.1,
0.06 1.)’
0.06 3.64
0.00 6.1 I
0.00 8.6
000 11.6
O.al 14.61
0.00 17.81
0.00 21.14
0.00 24.61
O.w 26.4:
Om 32.4:
0.00 36.61
0.00 41 .!Z
0.00 46.lt
0.00 61.31
O.w 66.93
0.00 62.99
0.00 69.66
O.(XI ‘?6.66
0.00 64.41
0.00 92.66
0.C4J 102.19
0.00 112.46
0.00 123.82
0.00 136.61
0.00 160.74
O.(XI 166.81
0.00 186.12
0.00 306.15

16.00 0.60 4.98 79.61 0.00 230.68

COMBUSTION EFFICIENCY
(Efficiencies are listed by flue gas temperature less surrounding temperature, oF)

310 320 330 340 360 360 370 380 390 400 410 420 430 440

87.92 87.68 87.44 87.19 e13.96 86.71 68.46 86.22 86.8a 86.73 85.49
87.74 87.49

86.24 86.00 84.76
87.26 87.66 66.76 66.66 66.26 66.66 86.76 86.60 85.36

87.66
86.01 84.76 64.61

81.30 87.04 68.79 66.64 66.28 8(X03 66.77 86.62 86.27 86.01
67.36

84.76
87.02

84.60 6425
66.63 66.67 ffi.91 66.05 86.79 85.63 66.27 66.01

87.14
64.76 84.49 84.23

66.66
83.97

66.61 66.34 66.08 86.81 &5.66 86.28 86.02 64.76 84.48
66.92

84.22
e&66

83.96 83.69
86.36 66.10 85.83 86.66 86.29 66.02 84.74 84.47 84.20

66.69
83.93

86.41
83.66 83.3a

86.13 86.86 66.67 85.29 66.01 84.73 84.46 84.18 83.80
66.44

83.62
66.16

63.34 83.00
86.87 86.66 86.30 66.01 64.72 84.44 64.16 83.87 83.68

86.16
83.30 83.01

86.66
82.72

86.69 R6.30 86.06 64.71 64.42 84.12 63.83 83.64 B3.26
86.90

82.95 8266
86.60

8237
86.30 66.C4) M .70 84.39 84.09 83.79 83.49 83.19 62B!I 82.69

85.60
iw%l

86.30
81.99

84.99 64.36 84.37 64 .X3 f%3.76 8344 83.13 82.82 8261
86.29

82.20 RI.89
84.97

m .M
84.66 64.34 8402 83.70 83.36 83.66 82.76 82.43 82.11

64.96
61.99 81,47 81.16

64.63 64.30 83.97 83.66 83.32 82.99 82.66 82.34 82.01 ill .68 81.36 81,03 60.70
64.60 84.26 83.93 83.69 83.26 82.91 82.67 82.24 81.90 RI.50 8122 60B9 60.66 80.21
64.22 83.87 83.62 83.17 82.63 82.48 82.13 81.78 81.43 81.08 60.79 80.39 80.64 79.69
83.81 83.46 83.62 82.73 82.37 82,01 81.66 f31.29 60.93 80.67 80.21 79.86 79.49
83.37

79i3
83.00 82.62 82.26 81 .6a 81.61 81s 3 80.76 60.38 80.02 79.64 79.27 7n.90

62.89
78.63

87..61 82.12 81.74 81.96 60.96 66.66 K).19 79.ai 79.42 79.03 7$.66 7820 77.86
82.38 81.98 81.66 81.18 60.78 60.36 79.86 79.68 79.15 78.77 78.37 77.97 77.67 77.17
61.82 81.41 60.!32 60.67 60.16 79.74 79.32 76,91 78.49 78.07 77.66 77.24 76.83 76.41
61.21 80.18 60.36 79.91 79.48 79.06 78.61 78.18 77.76 77.3i 7638 76.44 76.01 76.68
60.66 60.10 79.64 7919 78.74 78.22 77.84 77.38 76.93 76.48 76.03 76.67 76.12 74.67
79.82 79.36 78.87 7a.40 77.93 77,46 76.96 76.61 76.64 76.M 76.06 74.62 74.14 73.67
79.02 78.62 78.02 77.63 77.03 76.fi4 76.64 76.64 76.06 74.66 74.06 73.66 73.06 7267
78.12 77.60 77.06 76.66 76.04 76.62 76.W 74.47 73.91i 73.43 72.9i 72.39 7! .87 71.36
77.13 ‘76.66 76.03 76.46 74.93 74.3a 73.83 73.28 72.’73 72.18 71.63 71.09 7064 6!).99
76.01 16.43 74.86 74.27 73.69 73,11 72.63 71.96 71.36 70.7a 70.20 69.62 69,04 68.40
74.76 74.13 73.62 72.90 72.28 71.67 71.06 70.43 69B2 69.20 66.66 67.97
73.32

67.36 M.74
72.66 72.W 71.34 70.69 70,03 69.37 66.71 68.06 67.40 66.74 66.09 66.43 64.77

71.67 70.96 70.26 69.66 6S86 68.16 67.44 66.74 66.03 66.39 64.63 63.92
69.76

63.22 62.61
66.99 66.23 67.47 68.72 66.96 eti.m 64.44 63.6a 62.93 62.17 61.41 60.66 69.69



COMBUSTION EFFICIENCY TfUMJI FOR COAL

Properties of Cod:

Molecular Weight 483.4 ~bm’~ole

Specific IJeat: 0,200 ~

Enthalpy of Formation: -2374 ~

mm 1
Higher Heating Value: 14203.0 ~

..,,,,:.,,,,,.;::,:;;:,,,,:........-..:.:::,:::,:::.:
Dry Products of Combustion :!:’:’:’’”:.:.:.:,:,.,:,:,:,::.,.,::

%02 %Co %C02 %1#2 %s0, E:;”

Owl
0.66
1.30
1.M
200
260
900
9.60
4.I-lG
4.60
606
6.60
600
’660
1.06
7.60
8.00
8.60
9.00
9.60

10.06
10.60
1100
1160
12.00
1260
190c
13.60
1400
14.60
i Km—.—

0.60 1826 .61.26
0.60 17.61 81.19
0.60 17.37 81.1 s
0.60 16.92 81.07
0.60 16.48 8101
0.66 16.04 60.943
0.60 16.66 80.!20
0.60 16.16 66.84
0.60 14.71 80.78
0.60 14.27 66.73
0.60 13.63 66.67
0.60 13.39 80.61
0.60 12.95 6066
060 12.60 6049
0.60 12.06 ac.44
0s$0 11.62 86.36
0.60 11.18 8032
0.60 10.74 60.28
0.60 10.20 60.21
0.60 9.86 m.1 6
0.60 9.4 I IW.09
0.60 8.97 m.os
0.60 8.63 79.97
0.60 8.08 79.92
O.&l 7,64 79.M
0.60 7.20 79JMI
0.60 &76 79.74
0.60 6.31 79.6S4
0.60 6.8? 79.63
066 64?$ 79.E-?
0.643 4s?9 79.6Z

0.00 -1.14
000 1.17
000 S.M
000 6.16
000 8.64
0.06 11.67
O.m 14.66
000 17.81
000 21.14
000 2468
O.(N7 26.43
Olm 32.43
060 36.88
OMJ 41.23
0.00 46.10
0.00 61.32
000 6693
0.00 82.99
O.OJ 69.66
0.00 7668
O.co 84.41
000 92.68
0.00 102.19
0.00 112.45
000 123.82
0.00 136.61
000 160.74
O.(H3 166.6i
0.00 186.12
Ocd 206.16
0.00 230.63

COMBUSTION EFFICIENCY

(Efficiencies are listed by fZuegas temperature less surrounding temperature, OF)

4/50 460 470 480 490 600 510 620 530 640 650 660 670 680

84.61 84.27 84.03 63.78 83.64 83.30 63.06 82.81 62.68 62.32 82.06 81.83 61.69 81.35
84.26 64.01 63.76 83.61 63.27 a3.02 82.77 82.62 82.27 82.02 81.77 81.62 612.8 81.03
83.69 83.74 63.49 83.23 62.98 82.72 82.47 82.22 81.96 81.71 81.46 81.20 60.94 60.69
83.71 83.46 83.20 82.94 82.08 82.42 82.16 81 .S!3 81.84 81.38 81,12 80.66 60.60 60.34
83.42 63.16 82.89 62.62 82.36 62.09 61.63 L9i.68 81.26 8i .03 80.76 60.60 8023 79.97
83.1 i 6264 82.67 82.29 82.02 6i .76 81.48 81 .2i GO.93 80.66 IM.39 ao.i 2 79.86 79.67
82.78 82.60 62.23 6i .96 6i .67 61.39 nl.ii GO.63 60.66 80.28 60.00 79.72 79.44 79.i6
82.44 82.16 61.67 81.68 61,30 8i .01 80.72 60.44 80.16 79.87 79.68 79.30 79.01 78.72
62.07 81.78 61.49 81.19 60.!MI 60.61 60.31 86.02 79.73 79.43 79.i 4 76.86 78.6G 78.26
8i .69 81.38 8i .06 60.78 60.48 60.18 79.86 79.6a 79L?a 78.98 76.G6 78.37 7807 77.77
8i .27 6090 60.68 80.36 60.04 79.73 79.42 79.11 78.60 78.49 78.18 77.87 77.66 77.26
60.64 80.62 66.20 79.88 79.66 79.26 76.93 78.6! 78.29 77.97 77,66 77.34 77.02 76.70
60.37 60.04 79.72 79.39 79.00 78.73 78.40 76.06 77.76 77.42 77.09 76.77 76.44 70.i 1
79.87 79.64 79.26 78.86 78.62 78.18 77.86 77.61 77.17 76.83 76.60 76.16 76.82 76.4fI
79.34 7899 76.64 78.29 77.96 77.60 77.26 76.90 76.66 76.20 76.86 76.6i 76.16 74.81
78.77 78.41 78.06 77.69 77.33 76.97 76.61 76.25 76.69 75.63 76.17 74.61 74.46 74.09
76.16 77.7a 71.4i 77.04 7G.G8 76.29 76.92 76.64 76.i 7 74.80 74,43 74.06 73.88 73.3!
77.49 77.10 76.72 76.33 76.96 76.E5 76.1 ‘7 74.79 7440 74.02 73.G3 7324 72.8G 72.47
76.71 76.37 76.97 76.67 76.17 74.77 74.37 73.97 73.67 73.17 72,77 72.36 7i .90 7i .68
76.92 76.68 76,16 74.74 74.33 73.91 73.49 73.08 72 GO 72.24 71.83 71.41 71.06 70.68
76.14 74.7i 74.28 73.64 73.41 72.98 72.64 72.i 1 7i .67 71.24 70.81 70.37 G9.94 69.61
74.22 73.76 73.3i 72.8G 72.41 7i .96 71.60 7i .M 70.30 70.14 69.69 69.24 6&79 86.33
79.20 72.72 72.26 71.78 71.30 70.83 70.38 69.86 69.41 88.94 66,47 67.99 67.62 67.06
72.07 71 .6a Ii .06 70.69 70.06 69.69 69.10 G6.60 S8.i 1 67.61 67.11 60.62 06.12 66.63
70.83 70.31 69.78 G9.26 66.74 G8.22 67.70 67.i8 6866 w.] 4 6562 66.06 64.57 64.06
G9.44 68.69 G&34 67.79 G7.24 6869 GG.14 66.69 65.04 G4.49 6394 63.40 6285 62 Xl
67.66 67.30 8672 66.i 4 66.66 84.97 64.39 63.M 63.22 62.66 62.0? G~.49 60.9i 30.33
EG.i2 66.60 64.69 64.27 63.GE 63.04 62.42 61.60 8i.19 00.67 69.96 59.s4 68.72 Mlf!
64.11 63.46 62.80 62.i 4 61.48 60.83 00.17 69.62 68.86 68.2(J 67.64 66.88 68.2? 66.6?
61.81 61.11 60.40 69.70 68.99 08.29 67.69 6GB6 66.lfl 66.47 64.17 64.07 63.36 6268
69.13 68.38 67.82 68.86 66.1Q 6694 M-M 63.63 63437 62.31 6i ,66 60.7$ 60.04 49.28



COMBUSTION EFFICIENCY TAULE F(.)N COAL

Properiie8 of Coal:

Molecular Weight: 483.4 ,bn]~ole

Specillc Heat 0.200 ~

Enthalpy of Formation: -2374 ~
.-,

Higher Heating Value: 14203.0 ~

:.:.:.:..:;...,.,,,,,:;,:::.:,:,

Dry Products of Combustion ///j/:;;:’::
%

%02 %Co %Co, %Nz %sO1 ~;~

I 1 I 1 I

0.06 0.66 18.26 81.26 0.00 .1.1~
0.60
1.00
1.66
2.00
2.60
9.IX3
9.66
4 .ao
4.66
666
6.66
6.00
6.60
7.00
7.66
800
8.60
9.00
9.60

10.60
10.60
11.00
11.60
12.00
12.60
13.00
13.66
14.al
14.60
16.00

0.66
0.66
0.60
0.60
0.60
0.60
0.60
0.66
0.66
0.66
0.60
0.60
056
0.60
0.60
060
0.60
0.60
0.60
060
0.60
066
0.60
060
0.60
0.60
0.60
050
0.60
0.60

17.81
17.37
16.92
16.48
16.04
16.60
16.16
14.71
14.27
13.83
13.39
12.96
12.60
12.06
1I .62
11.18
10.74
10.29

9.86
9.41
8.97
6.62
808
7.64
7.20
6.76
6.31
6.87
6.43
4.99

!31.19
81.13
81.07
81.01
8096
8090
60.84
80.76
60.73
60.67
80.61
80.66
60.49
80.44
80.36
80.32
lm.26
80.21
60.15
80.09
80.09
79.97
7992
79.66
79.80
79.74
79.69
‘/9.63
79.67
79.61

o.m
000
O.m
0.00
0.60
0.60
0.00
O.al
0.00
O.cnl
0.00
0.60
0.00
0.00
0.00
Osm
O.m
0.00
O.fm
0.00
0.00
0.00
0.00
0.00
O.m
0.00
0.00
0.00
0.00

1.1:
3.8(
6.1I
8.64

11.67
14.6t
17.61
21.14
24.M
28.43
32.43
36.6e
41.23
46.la
61.32
66.93
62.99
69.66
76.66
84.41
92.66

102.19
112.46
123.82
136.61
160.74
164X81
186.12
266S6

O.(M 220.66

COMBUSTION EFFICIENCY
(Efficiencies are listed by/2 ue gas temperature less surrounding temperature, ‘F)

690 600 610 620 630 640 650 660 670 680 690 700 710 720

81.10 60.60 60,82 60.37 80.19 79.89 79.64 79.40 79.16 78.91 78.67
80.78

78.42 76.16 77.94
80.63 80.26 80.03 79.78 79.69 79.29 79.04 78.79 78.64 78.29

60.44
78.04

80.16
77.79 77.61

79.93 79.67 79.42 79.17 76.91 76.(M 78.40 78.16 77.69
60.06

77.64
79.82

77.39
79.68

7’7,1:
79.30 79.04 76.78 78.62 78.26 78.00 77.74

79.70
77.46 77.22

79.43
76.96 76.7(

79.17 78.96 78.64 76.37 78.10 77S4 77.67 77.31 77.04
79.30

76.78 76.61 76.24
7903 76.76 78.49 78.21 77.94 77.67 77.40 77.1.9 76.66

78.88
76.66 76.31

78.60
76.04 76.7(

76.32 78.06 77.77 77.49 77.21 76.93 76.66 76.37
78,44

76.09 76.82
78.16

76.64 76.24
77.87 77.6a 77.30 77.01 76.72 76.44 76.16 76.67 76.68

77.97
76.30

77.68
76.01 74.Z

77.36 77.09 76.80 76.66 76.21 76.92 76.62 76.33 76.04
77.47

74,76
77,17

74.46
76.87

74.1(
76.67 76.27 76.97 76.67 76.37 76.06 74.76

76.94
74.46

76.63
74.16 73.66 73.64

76.33 76.02 76.71 76.40 76.09 74.78 74.47 74.16 73.86
76.36

73.64 73.23 72.9i
76.06 76.76 76.43 76.11 74.79 74.47 74.16 73.64 73.62 73.20

76.76
7288

76.46 76,13
72.60 72.25

74.80 74.47 74.16 73.82 73.49 73.16 72.84
76.14

72.61 72.16
74.61

71.86
74.47

71.62
74.19 73.79 73.46 73.12 72.76 72.44 72.11 71.77

74.46
71.43 71 .W

74.1 I
70.76

73.76 73.41 73.07 72,72 72.37 72.02 71.67 71.32
73.73

70.98 70.63
73.37

70.23
73.01

69.93
72.66 72.29 71.93 71.67 71.21 70.86 70.49 70,13

72.94
69.77

72.66 72.19
69.40

7182
69.04

71.46 71.07 70.70 70.33 69.66 69.68 69.21 68.84
72.08 71.70 71.31

66.47 Mm
70.93 70.64 70.16 69.77 69.38 69.00 66.61 66.22

71.16
67.84

70.76
67.46

70.36
67.07

69.66 69.66 69.16 68.76 66.26 67.26 67.66 67.16
70.16

66.76
69.76 69.33

eA3.36
68.91

66.96
68.60 68.06 67.86 67.26 W83 66.42 66.00

69.07
66.66

66.64
66.17

66.21
64.76

67.77 67.34 66.60 68.47 66.04 66.60 66.17 64.74
67.88

64.30
67.43 06.98

63.87
66.62

63.44
e8.07 86.62 66.17 64.71 64.26 63.61 63.36

66.67 66.10
62.20

66.83
62.46 62.iXl

86.16 64.66 64.21 63.73 63.26 62.79 62.32 61.84
66.13

61.37 60.66
64.63 64.14

60.42
63.64 63.16 62.66 62.I6 61.68 61.18 60.67 60.17

63.63
69.66

63.01 62.49
69.18 68.66

61.97 61.46 60.92 60.40 69.66 69.36 68.64 68.32
61.76

67.80
61.20

67.26
60.66

66.76
60.10 69.66 69.06 66.46 67.20 67.36 66.80 66.26 66.70

69.76 69.17
66.16

68.66
64.61

66.00 67.42 66.64 66.26 66.68 66.10 64.62
67.49

63.94 63.36
66.67

62.78
66.26

62.19
66.64 66.02 64.40 63.79 63.17 62.66 61.94 61.32

64.91 64.26
60.70 60.09

63.60
49.47

62.94 62.26 61.63 60.97 60.31 49.66 4900 48.34
61.96

47.68
61.26

47.02
60.66

46.37
49.84 49.14 46.43 47.73 47.03 46.32 46.62 44.91

413.62
44.21

47.76
43.61 42.fX3

47.00 46.24 46.49 44.73 4397 4321 42.46 41.69 40.94 40.16 39.42 38.66

I
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